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Professional Unity at the Grass Roots 


JAMES F. FAIRMAN 
PRESIDENT AIEE 


N MANY previous occasions we have used the term 
“grass roots” in our discussions of Institute activities. 
Probably when the term is used you assume, as I do, that 
it refers to the local units of national organizations such as 
our Sections, or to the individual members. Using the 
term in connection with professional unity serves to re- 
inforce this idea of what we mean by “‘grass roots”? because 
efforts have been made to encourage joint activity among 
local units on local problems in the hope that out of such 
co-operation there would evolve a better method of handling 
common problems at the national level of those organiza- 
tions. In certain instances 
the results locally have been 
so encouraging that it is diffi- 
cult for the members involved 
to understand why greater 
progress is not made at the 
national level. The evidence 
is largely negative but I sus- 
pect that part of the reason 
for the difficulty is due to the 
lack of a clear indication of 
interest on the part of the individual members in problems 
at the national level and of their wish that more be done 
by their national societies about those problems. 

But that is not what I shall discuss with you in this article. 
When I use the term “‘grass roots” in this discussion, I am 
thinking of the students in the engineering schools, the 
future members of the engineering profession and of its 
several organizations. I suggest that these are the true 
grass roots and that it is among them that we should begin 
to plan and to build for the future. To be sure, many of 
our engineering societies have student memberships and 
encourage the organization and support the work of 
student branches or chapters at the engineering schools. 
The societies have done and are doing an excellent job of 
promoting the technical development of students in their 
respective specialized fields. This work should be con- 
tinued, nurtured, and constantly improved but it does not 
cover the whole of their interest in and responsibility to the 
students. There are other and equally important needs 
for which less adequate provision has been made. More- 
over, the existence of distinct curricula in the major 
branches of engineering and the establishment of separate 
student organizations by the several national engineering 
societies has had a perfectly natural, though I think un- 
fortunate, tendency to emphasize the division rather than 
the essential unity of the engineering profession. Also, in 
spite of these evidences of our altruistic interest in the 


profession. 


Full text of an address presented at the AIEE Fall General Meeting, Cincinnati, Ohio, 
October 17-21, 1949, 


James F. Fairman is Vice-President, Consolidated Edison Company of New York, Inc., 
New York, N. Y. 
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Here President Fairman applies the term 
“‘grass roots” to the students in the engineering 
schools who are the future members of the 
Courses of individual and group 
action which would benefit the students, the 
schools, the employers, and the profession are 


proposed. 
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students as future members of the profession it sometimes 
seems that we are more concerned about enlisting them 
as future members of our several organizations and that 
more effort is directed toward using the student branches 
as recruiting agencies rather than as a means of supple- 
menting the formal education of the students with informa- 
tion and points of view which would better prepare them 
for entrance into a profession. 


PROPOSED GROUP ACTION 


Let me be specific as to some of the things that we might 
do as individuals 
organizations 
the problem. 
organizations, if we really 
believe in the unity of the 
engineering profession and 
that it may be desirable 
to have some over-all or- 
ganization as an expression 
of that unity, why not start 
by encouraging the estab- 


and as 
interested in 
As national 


lishment of a single student engineering society at each 
engineering school. By all means, let us keep the existing 
student branches or chapters as technical divisions of the 
student society but let us not hamper them by a lot of rules 
and regulations. Rather, let us use them as laboratories 
in which to experiment. Let us encourage membership 
in the student society among freshmen and sophomores as 
well as among juniors and seniors. Let us continue to 
offer student membership in our national organizations for 
nominal dues to any student who desires it for the purpose 
of obtaining the publications of one or more of the societies. 

Let us accept for the next higher grade of membership in a 
national organization, without admission or transfer fee 
within a reasonable time after graduation, any student who 
was a member of the student engineering society, whether 
or not he was a student member of one of the national 
societies. ‘That should suffice for recruiting purposes. 
Then let us tackle the real job of helping the faculties give 
the students a better understanding of what it means to be 
a member of a profession. 


PROPOSED INDIVIDUAL ACTION 


How should we go about this? Here is where individuals 
as well as local groups can be most helpful. Student 
organizations like most other organizations want speakers 
for their meetings. They could be encouraged to invite 
and I believe they would welcome speakers who would tell 
them something about the facts of life after graduation. In 
the process of telling that story we should have a wonderful 
opportunity, without laboring the point, to supplement 
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what they may have been told in the classroom about the 
necessity of using the written and spoken word effectively 
and the fact that their education is a continuing process. 
We could get across to them the concept of engineering as 
a co-operative enterprise and hence the necessity of give 
and take in practical everyday affairs. We might convince 
them that a great deal of their future success will depend 
upon their ability to get along with other people. A dis- 
cussion of getting along with other people could introduce 
the concept of professional ethics, but we don’t have to 
scare them off by using that term as the announced subject 
of our remarks. It also involves the idea of the individual’s 
obligation to serve his profession and society, and inciden- 
tally himself, by using the mechanism of organization for 
the exchange of information and experience and for the 
attainment of specific objectives. 
By our own attitude we may best 
demonstrate the real satisfaction 
which results from sharing our ex- 
periences and serving our profession. 
We may even be able to convince 
them that the more tangible re- 
turns are usually in proportion to 
the value of the individual’s contri- 
butions to society and that mahogony 
desks are not passed out with di- 
plomas but come as a result of dem- 
onstrated ability. 

Then there are inspection trips. 
These are always welcomed by 
student organizations. Here is an- 
other opportunity not only for giv- 
ing the students a glimpse of the engi- 
neering world outside academic walls 
but of talking to them briefly, indi- 
vidually or as a group, about engi- 
neering as a profession under circum- 
stances which might find them in a particularly receptive 
mood. 


SUMMER EMPLOYMENT AND STUDENT GUIDANCE 


Summer employment, if properly handled, can be 
mutually advantageous to the students and to the em- 
ployer. I shall touch on only that aspect which is pertinent 
to my thesis. The student should not be given some 
routine job and forgotten. Some engineer who is interested 
in what we are trying to do and who is competent to do it 
should be assigned as the student’s counselor. He should 
explain the company’s operations and how the individual’s 
work fits into the scheme of things. He should answer 
questions. He should encourage discussion on all sorts 
of problems, technical, economic, social, and_ political. 
A good time and place for such discussions is after dinner 
in the counselor’s home. 

Conferences with individual students at our own places 
of business might logically develop from these initial con- 
tacts. The possibilities here are tremendous. It would 
take some of our time but if enough of us would work at it, 
it should not be an excessive burden on anyone. And it 
would be a convincing demonstration of our belief in the 
gospel we would be attempting to spread. 
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Some of us do some of these things more or less sporadi- 
cally and on request. My point is, we should seek more 
opportunities of this kind to serve the profession of the 
future and thereby to discharge part of our own obligation 
to the profession of the past. Many of us have been too 
prone to blame colleges for the shortcomings of the educa- 
tional product. We have criticized, sometimes con- 
structively, but we have not done as much as we might have 
to assist the faculties in preparing students for their future 
careers. We need not wait on organization for these 
opportunities. The opportunities exist. Let’s take ad- 
vantage of them individually. 


ACCENT ON UNITY 


In all of this effort, I suggest that our emphasis should 
be on the oneness of the profession, 
not only on the fact that our ap- 
proach to problems, our method of 
attack, our processes of analysis, 
our fundamental technology are 
something we hold in common, but 
that our problems in the social, 
economic, and political fields, re- 
sulting from our own technologi- 
cal achievements or from external 
factors, are matters to which the 
attention of a united profession 
should be directed. We can arouse 
the students’ interest in those prob- 
lems and challenge the students to 
handle them more effectively than 
we have in our generation. 

There has been a great deal of 
discussion about the content of engi- 
neering curricula and the number 
of years of formal education required 
properly to prepare the student 
for an engineering career. I do not intend to go into this 
matter except to suggest that I think a great deal of con- 
fusion is due to the fact that we practicing engineers have 
not given a clear and considered expression of our opinion 
to the schools. 

For example, on the one hand some of us maintain 
that we want sound training in the fundamentals at the 
expense of specialization; on the other hand some of us 
say that we want the graduate to be of immediate use to 
us in our particular business. I wonder if we ourselves are 
not confused as to the distinction between the engineer 
and the technician, between an individual having a pro- 
fessional outlook and one possessing only a specialized skill. 
There is need for both types of people but I submit there 
is a vast difference in the training that each should receive. 
I suspect that many technicians leave our schools under 
the impression that they have been trained to be engineers 
and are disappointed when they find it difficult to obtain 
or hhid positions of truly professional caliber. Conversely 
graduates with adequate professional preparation are 
understandably unhappy in positions requiring only tech- 
nical skill. It should be helpful to all concerned, faculties, 
students, and employers, if we could make some reasonably 
satisfactory distinction and by proper selection, guidance, 
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and education, prepare individuals for the career to which 
they are best suited. By taking a more active interest in 
this problem as an obligation which we owe to our pro- 
fession and to society, perhaps we may arrive at a time when 
the profession will determine the desirable content and 
duration of an engineering education. 


OUR OPPORTUNITY 


This problem of engineering education is not my main 
theme. I mention it as part of the larger problem, one 
about which we should be doing something more con- 
structive than we have in the past. The point of my 
remarks is that we have a tremendous opportunity to foster 
professional unity at the grass roots by working with the 
engineering students and by our attitude, as individuals 
and as organizations, indicating that engineering is more 
than technology, that it is a profession, and that it is one 
profession in spite of appearances to the contrary. 

As many of you are aware, the Institute, in co-operation 
with the Institute of Radio Engineers, took a tentative 
step in this direction in 1946 by providing for the establish- 


ment of joint student branches and went on record as being 
willing to try a similar arrangement with other national 
engineering societies. Recently, the American Society of 
Civil Engineers invited representatives of a number of 
national engineering societies to a conference on the 
problem. The AIEE was represented by the chairman of 
the Committee on Student Branches, Director F. O. 
McMillan. ‘The first meeting, held on September 12, was 
necessarily only exploratory. A second meeting is tenta- 
tively scheduled for January. Probably a number of 
meetings will be required before the conference can 
produce definite proposals for the consideration of the 
several societies represented. 

I shall offer these proposals for their consideration as 1] 
offer them for yours. You and they may disagree with 
me on the method but I am confident we all agree on the 
objective. I, for one, believe that it is high time for a 
venture of faith. But regardless of what we may do as 
national organizations, let us as individuals and as local 
groups, show our faith in the future of our profession by our 
works among the next generation of engineers. 


Oklahoma Utility Operates Gas Turbine Power Plant 


One of the first central station installations of the gas tur- 
bine in the United States has been made by the Oklahoma 
Gas and Electric Company at its Arthur S. Huey Station. 
This General Electric 3,500-kw simple-cycled gas turbine 
power plant, in over 1,500 operating hours, has produced 
approximately 51/, kilowatt-hours, averaging 3,557 kw. 

The new turbine was put on the line on July 28. Accord- 
ing to an official of the Oklahoma utility, the gas turbine, 
on September 28, permitted a pickup in total station output 
from 51,000 to 58,000 kw with an over-all improvement in 
plant operating economy. Of this pickup, the gas turbine 
carried approximately 4,000 kw and the balance of 3,000 kw 
was achieved in plant operation. Prior to installation of 
the new turbine, the Huey Station had a rated capability of 
56,000 kw, but limitations in maximum heat input to 
boilers produced a capability of only 51,000 kw. 

The new gas-fired unit is installed in a building added to 
one side of the existing plant. The building has a standard 
crane and power hoist operated from the floor. A large 
door allows trucking or dollying any part of the equipment 
into the main plant machine shop. 

The weight of the complete power plant including the 
compressor and gas turbine is only 25,000 pounds. The 
complete unit, including the generator and exciter is less 
than 50 feet long and nine feet wide, and located all on the 
same floor level with the exception of the oil tank. The 
foundation loading is low, carrying a total of only 85,000 
pounds. Seen in the illustration is an interior view of Huey 
Station from the compressor end, showing air intake, gas 
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turbine, exhaust to heat exchanger, and, in the rear, the 
load end of the gas turbine power plant. 

Operating on natural gas, the turbine makes available 
more total power than that which it generates itself. The 
waste heat from the exhaust is used with a separate heat 
exchanger to supplement the present boiler feed water heat- 
ing system. By supplementing the heating capacity of the 
installed equipment, better use is made of the available tur- 
bine shaft capacity of the steam generating units. 
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Automatic Switches to Protect Transformers 
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N AUTOMATIC grounding switch in combination 
with an automatic air-break switch can be used in 
place of a circuit breaker in the 110-kv supply to a trans- 
former. Since internal faults in transformers do not occur 
frequently, these high-voltage circuit breakers can be put to 
better use at terminals of transmission lines where faults are 
caused by lightning. The substitute for a circuit breaker 
on the high-voltage side of a transformer must provide for 
interrupting load, magnetizing, and fault currents. ‘The 
low-voltage circuit breakers are necessary in all except very 
small single-bank stations for all three interrupting duties. 
An air-break switch on the high-voltage side of a trans- 
former should be able to interrupt the magnetizing current 
or to break parallel in a station having two or three banks 
of transformers. The remaining duty is to interrupt current 
flowing from the 110-kv network into a faulted transformer. 
This can be done indirectly by putting a fault on the 110-kv 
bus which will operate circuit breakers at distant ends of 
the 110-kv transmission line. ‘This is a drastic method of 
avoiding interruption of 110-kv fault current at the station 
flowing to transformer with an internal fault; but as this 
kind of fault occurs very seldom, such a general interruption 
can be endured occasionally. When two or more trans- 
mission lines are terminated at such stations, high-voltage 
circuit breakers are required at terminals of lines only, be- 
cause the automatic air-break switch can be used to dis- 
connect a faulted transformer after all sources of fault cur- 
rent have been removed. 
In transformer stations having a single infeed for normal 
operation no high-voltage breaker is required. An automa- 
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Figure 1 (left). 


Small transformer stations without 110-kv circuit 
breakers 


Testing interrupts service 


Figure 2 (right). Modifications which permit easy testing of 


automatic switches 


1024 


NOky. TIE LINES ON DOUBLE CIRCUIT TOWERS 


Pea! if 
purtcnes. CONNECT 
ARALLEL 
~. (© ONLY DURING TIME. Pope seatice 
rie FOR TRANSFER 
(¢) 


Ricker—Automatic Switches to Protect Transformers 


tic grounding switch can be tripped by relays which pro- 
tect a transformer, thereby putting a line-to-ground fault 
on the 110-kv line which is detected by ground relays at 
distant ends of the line and the circuit breakers are tripped. 
A pallet switch on the automatic grounding switch controls 
the automatic air-break switch, but a timer is used in the 
circuit to delay the opening of the air-break switch until 
the distant circuit breakers have had time to interrupt the 
fault current. 

The first two installations, made in 1930 and 1932, had a 
counterweight on the arm of one phase of the grounding 
switch to supply the force to close it. 

An analysis of troubles shows that the lack of sufficient 
stored energy was the cause of many mechanical failures. 
The original installations operated satisfactorily, but expo- 
sure to the weather caused corrosion and misalignment, 
thereby reducing the extra stored energy. Failures in con- 
trol circuits occured in 45 per cent of the troubles, some of 
them due to insufficient voltage to operate the tripping 
latch. The station battery should be at least 48 volts and 
preferably 125 volts, to eliminate trouble from contact re- 
sistance. The higher voltage permits installation of motor- 
operated mechanisms for opening and closing automatic 
air-break switches. 

Routine tests would eliminate nearly all failures in serv- 
ice. Exercising the mechanism would detect any loss of 
adjustment in pallet switches, or excess friction in bearings 
caused by misalignment, and would keep the contacts clean 
by the wiping action. The tests should be a complete 
check on the combination of switches and control circuits 
from the time a contact is closed at the 
switchboard until the air-break switch 
has moved to the open position. 

Ere ag piers Diagrams of early installations are 
(a shown in Figure 1. Tests could not be 
Al made without removing the 110-kv line 
from service; other tapped stations fed 

(b) from the same high-voltage line were 
interrupted during the tests. Diagrams 
for recent installations are shown in 
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> 


| Y>>~—s Figure:2:> The apparatus: hassbeen ire- 
arranged, and other manually-operated 

RAN disconnecting switches have been added. 

(s Low-voltage circuits at these tapped 
sou stations should include breakers and 
a) switches for transferring load to other 


stations, so that tests can be made dur- 
ing light load periods. 


Digest of paper 49-143, “Automatic Grounding and Air-Break Switches for Protection 
of Transformer Stations,” recommended by the AIEE Committee on Substations and 
approved by the AIEE Technical Program Committee for presentation at the AIEE 
Summer General Meeting, Swampscott, Mass., June 20-24, 1949. Scheduled for 
publication in AIEE Transactions, volume 68, 1949. 


E. A. Ricker is with the Hydro-Electric Power Commission of Ontario, Toronto, 
Ontario, Canada. 
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The Swedish 380-Kv System 
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IG POWER PLANTS 
are at present under 
construction in the north 
of Sweden. Since the con- 
suming centers are situated 
in the middle and south of 
Sweden, transmission of still 
greater amounts of energy is necessary. ‘The existing 220- 
kv lines are insufficient for this purpose. In order to get a 
transmission system of greater capacity than that of the 
220-kv lines, it has been decided to complete these with 
380-kv lines. The article describes the first stage of con- 
struction of the 380-kv system with one line, 600 miles long, 
and deals with the special problems brought about by the 
high-voltage of the system. 

Sweden has a population of seven million people, that is, 
5 per cent of the population of the United States. The 
area is somewhat bigger than that of California. Sweden 
is rather long-stretched. ‘The distance from the northern- 
most to the southernmost point is about 1,000 miles or 
nearly the same as the distance between the Canadian and 
the Mexican frontiers. The country is situated rather far 
to the north and one part of it reaches north of the Artic 
Circle. 

Sweden has no coal and no oil, but the water power 
resources are quite big. When utilized they will give an 
annual output of about 7,000 kilowatt-hours per inhabi- 
tant. When the present construction program is ready in 
five years, the annual output will be 21,000 million kilowatt- 
hours or 3,000 kilowatt-hours per inhabitant, which means 
that 40 per cent of the water power which is available will 
be utilized. 

About 85 per cent of the power resources are situated in 
the north and 15 per cent in the southern parts of the 
country, whereas the distribution of the population, and 
hence of the power demand, is the reverse. 

The increasing demand for electric power must be met 
by progressive development of the sources in the north. 
Figure 1 shows the necessary energy transport from the 
north to the south of Sweden. The left figure is the stage 
reached by the middle of the 1950’s and the right diagram 
is the ultimate stage in 30 to 40 years, when all waterfalls 
will be harnessed. ‘The transmission distances amount to 
between 300 and 600 miles. The development of the trans- 
mission technique is an essential condition for the utilization 
of the Swedish water power. 

At present the power is transmitted from a district sit- 
uated in the middle of Sweden, about 300 miles north of 
the capital, Stockholm, to the southern part of the country 


Essentially full text of a conference paper, ‘“The Swedish 380-Kv System,” presented at 
the AIEE Pacific General Meeting, San Francisco, Calif., August 23-26, 1949. 
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In order to transmit power efficiently from its 

source in the northern part of Sweden to the con- 

sumers in the southern part of the country, 

Swedish engineers have started construction on a 
380-kv transmission system. 
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over six 220-kv lines.  Fig- 
ure 2 shows the Swedish 
220- and 132-kv_ transmis- 
sion line system. The total 
line length of the 220-kv net- 
work is about 2,500 miles. 
The new 380-kv line is shown 
by a thick, continuous line. 

The main part of the 220-kv network is owned by the 
State Power Board, which is the biggest power enterprise 
and has about 40 per cent of the production and distribution 
of electric power. ‘The rest of the production and dis- 
tribution is handled by a comparatively great number of 
private and municipal undertakings, but all power plants 
are jointly operated. 

The postwar development program indicated a rate of 
increase in power consumption which within a few years 
would entail adding 300 miles of new 220-kv line each 
year. ‘The alternative solution of employing a system with 
greater transmission capacity had to be considered ser- 
iously. The decision in 1946 to harness Sweden’s biggest 
waterfall, Harspranget, enhanced the urgency of the matter. 
This waterfall is situated 22 miles north of the Arctic 
Circle, and the power must be transported 600 miles to the 
consumer center. The possibility of using high-voltage 
direct current was considered, but it was evident that the 
development of the d-c system would not progress sufficiently 
rapidly. Investigations were therefore confined to the use 
of a-c transmission at voltages above 220 kv, and after 
carefully comparing the relative merits of voltages of 220, 
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Projected development of the Swedish power trans- 
mission system 
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Figure 2. Existing 
220- and 132-kv 
i lines and the new 
meee 380-kv lines 
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330, 380, and 440 kv, it was decided in December 1946, to 
use a 380-kv line. Later the voltage level was defined in 
such a manner that the maximum service voltage was 
fixed at 400 kv. It was found that a 380-kv transmission 
would give at least 15 per cent lower transmission cost per 
kilowatt than a 220-kv transmission. 

In its first stage the plant will include a power station 
with step-up transformers, a 593-mile line from Harspranget 
to Hallsberg, a transformer station at Hallsberg for stepping 
down the voltage to 220-kv, and a transformer station at 
Midskog—half-way between the two terminals—where the 
380-kv line is linked up with the 220-kv network. A num- 
ber of power plants in the Midskog district with an aggre- 
gate output of 1,200 megavolt-amperes are connected to this 
network by comparatively short power lines (Figure 3). 
The southern half of the 380-kv line, therefore, will be able 
to relieve the 220-kv system. This connection to the 220- 
ky system will also materially improve the transmission 
capacity of the 380-kv line. 


GROUNDING AND INSULATION 


Most of the Swedish networks are operated with neutral 
grounding through Petersen coils. At the 380-kv system, 
the heavy additional expense incurred by the use of Petersen 
coils and the complication of the transformer design that it 
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entails, made it preferable to choose a solidly grounded 
neutral instead. 

For the station insulation an impulse withstand voltage 
of 1,775 kv on 1/50 full wave will be used. This is rather 
high for a solidly grounded system. ‘There are, however, 
certain complications. Owing to the excessively long 
transmission lines, the system will be subjected to excep- 
tionally high voltages when a loaded line is opened in one 
end. At single-phase faults, the voltage to ground at the 
open end of the line may exceed 200 per cent of the normal 
value, while at the 380-kv bus-bars in the power station it 
may rise to about 180 per cent. 

Besides, the transformer cost would decrease only about 
7 per cent when choosing 14 per cent lower insulation level. 
This decrease was considered too slight to justify any 
attempted saving at the expense of insulation quality, 
especially as a high level would in any case be necessary 
for the switchgear equipment 

The line insulation is governed by the requirement that 
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Figure 3. Line dia- 

gram showing first 

stage of the 380-kv 
system 
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it shall provide adequate safety against flashovers due to 
lightning or switching surges, and that the lowest line 
insulator elements shall not be subjected to excessive voltage 
stresses. A suspension string carrying 20 elements with a 
spacing of 6.7 inches, is the type most commonly used and 
has an impulse withstand strength of 1580 kv. This should 
give adequate security also if a few elements in the string are 
faulty. 


POWER STATION AT HARSPRANGET 


The power plant at. Harspranget will have a 4,700-foot 
stone-filled dam crossing the river at the power station site. 
The generator house is blasted into the living rock and has 
its floor 250 feet below ground level (Figure 4). After 
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passing the turbines, the water is discharged through a 
18/,-mile tunnel, with a sectional area of 2,050 square feet. 
The rock excavated from the tunnel will be sufficient for 
nearly all the stone filling required for building the dam. 
Three turbine sets will be installed, each rated at 3,800 
cubic feet per second. The total head will be 350 feet, 
and the output about 300 megawatts. Space has been 
prepared for the future installation of a fourth set. The 
generators are rated at 105 megavolt-amperes, 16 kv. Be- 
cause of the long-distance transmission, these machines are 
designed with low reactances. The subtransient reactance 
will be 15 per cent and the transient reactance 22 per cent. 
Auxiliary power requirements are supplied by 1,200-kva 
50-cycle station generators which, in similarity with the 
exciters, are mounted directly on the generator shafts. 
Bare conductors carry the generated power to the step-up 
transformers, likewise installed in the rock (Figure 5). 
The 16/380-kv transformer plant is of a special design 
(Figure 6) which has been found to present economic ad- 
vantages. A bank of three single-phase transformers, each 
rated at 115 megavolt-amperes and equipped with a regu- 
lating transformer in the 380-kv neutral, is common to the 
three generators. A fourth set acts as a stand-by. The 
main transformers have five core limbs, the three central 
ones being equipped with separate 16-kv windings. By 


this construction it is possible to obviate excessive 16-kv 
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Figure 5. Section through the transformer hall at Harspranget 
power station 
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operational and short-circuit currents. A 40-megavolt- 
amperes reactor is connected to each generator. 

Cables running through a vertical shaft carry the power 
from the transformers up to the switchyard on the ground 
level. Six single-pole circuit breakers are provided for 
handling the 380-kv power, one 3-pole group being in- 
tended for normal service and the remaining poles for con- 
necting the stand-by transformer and as a reserve for the 
service circuit breakers. 


TRANSMISSION LINE 


The line towers are of a type similar to that used for the 
220-kv line (Figure 7). The standard span is 1,080 feet 
and the height of the cross beam above ground level is 75 
feet. The clearance between phases is 39 feet. 

High grade steel is used for the towers in order to keep 
down the weight. Masts and cross beams are built of angle 
iron joined by welded bracing pieces which are corrugated 
to give added stiffness. The towers are raised on a founda- 
tion consisting of 8 to 12 pieces of sleepers joined by 
heavy beams. To these beams are fixed two mast bases 
which reach up to ground level and carry the midsections 
and superstructure. All steel parts are hot galvanized; 
the lower sections are also dressed with zinc sheet as added 
protection against corrosion. On the cross beam are 
mounted two arms for supporting the steel ground wires. 
The standard construction of the towers weighs 7.1 tons, 
which corresponds to an average of 36.2 tons of steel per 
mile of line. 

Double conductors are used, consisting of two steel- 
aluminum cables per phase, each with a diameter of 11/, 
inches, that is an area of 1,170,000 circular mils per cable, 
corresponding to an equivalent copper area of 650,000 cir- 
cular mils per cable. The two cables are suspended side 
by side, with a spacing of 18 inches. 

The standard insulator string, comprising 20 elements, 
will have a total length of 13/, feet (Figure 8). Single 
porcelain string insulators will be used for supporting a 
working load of up to four tons, which is adequate for 95 
per cent of the towers. 

The remaining towers will be fitted with two or more 
parallel strings but in most cases tempered high-tensile 
glass insulators in single strings will be sufficient. The 
strings are fitted with arcing horns at the upper end and 
a grading ring at the cable end which serves to equalize 
the voltage distribution. Standard cable holders, fixed 
to a yoke suspended from the insulator string, carry the 


Figure 6. Connections for alternators, main transformers, and 
380-kv switchgear at Harspranget 
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double conductor. The cables have armour rods and 
12 vibration dampers per tower. 


TRANSFORMER STATION AT HALLSBERG 


The 380-kv line ends at Hallsberg, where the power is 
stepped down to 220 kv. Two transformer sets, together 
rated as 600 megavolt-amperes are installed. Each set is 
comprised of three single-phase units rated at 100 megavolt- 
amperes, and a 3-phase regulating transformer. Two 
shunt reactors of 60 megavolt-amperes each and a 75-mega- 
volt-amperes hydrogen-cooled synchronous condenser are 
connected to 20 kv tertiary windings. 


TRANSFORMER STATION AT MIDSKOG 


The transformer station at Midskog serves to link up the 
midpoint of the 380-kv line with the 220-kv system. 

Four single-phase 3-winding transformers will be installed, 
each with a regulating transformer in the 380-kv neutral. 
The transformer set is capable of transmitting 300 mega- 
Tertiary 30-kv windings will feed three shunt 
reactors of 60 megavolt-amperes each. 

As the 380-kv Midskog-Hallsberg line will work in 
parallel with the existing 220-kv lines, the load will dis- 
tribute itself largely in inverse proportion to the line 
reactances. It is, however, desirable to increase the pro- 
portion of the load transmitted on the 380-kv side in order 
to reduce losses. A phase shifting transformer is therefore 
installed on the 220-kv side at Midskog, giving a voltage 
displaced through 90 degrees and amounting to about 25 
per cent of the main voltage. 


watts. 


CIRCUIT BREAKERS AND RELAY PROTECTION 


In its initial stage, the 380-kv system will be equipped 
with seven air-blast circuit breakers rated at 1,000 amperes 
and having a rupturing capacity of 8,000 megavolt-amperes 
at 350 kv. These circuit breakers are to be equipped with 
nonlinear resistors in order to reduce the switching surges. 
The total breaking time is between four and five cycles. 
The circuit breaker design enables single- or 3-phase high- 
speed reclosing. The 220-kv circuit breakers will be of 
essentially similar design, having a rupturing capacity of 
5,000 megavolt-amperes. Airblast circuit breakers will 
also be used for the lower voltages. 
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Figure 7. Line towers supporting double conductors for 220-kv 
and 380-kv systems 
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Figure 8. Insulator 
string with grading 
ring for 380-kv line 
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Figure 9. Duration of corona losses in 380-kv line 


Relay protection for the lines is furnished by distance 
relays with supplementary carrier current devices. By 
this means it is possible in the event of a single-phase fault 
to effect disconnection and high-speed reclosing of the 
affected phase only. The design is complicated by the 
unfavorable combination of extreme line distances, entailing 
very light fault current at a fault located at the opposite 
end, and heavy service current. ‘The protection is energized 
by a capacitor voltage transformer, connected to the con- 
ductor to be protected. 

Separately mounted current transformers, which are 
installed at the main transformers, are a costly item, and 
have here been replaced by current transformers of bush- 
ing type. 


OVERVOLTAGE PROTECTION 


The two ground wires protecting the conductors are 
arranged to present a shielding angle of about 25 degrees. 
Each tower has its own ground cable system. The resist- 
ance to ground as measured by resistance bridge has been 
reduced to from 25 to 30 ohms. The entire line should 
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Figure 10. Pre- 

liminary principal 

diagram for future 
380-kv system 


HARSPRANSET 


then be subjected to an average of one or two lightning 
flashovers per year. Robust 380-kv surge arresters will be in- 
stalled next to the cable boxes at Harspranget. The switch- 
yard is provided with a special ground wire protection 
which is also extended to cover the two adjacent spans of 
the 380-kv line. Surge arresters will also be installed at 
Midskog and Hallsberg. Both switchyards will be pro- 
tected by ground wires strung to the towers, and grounding 
for the adjacent three miles of line will be carried out with 
exceptionally low ground resistance. 


VOLTAGE CONTROL 


Each line section generates 250 megavars at 380 ky. 
The heavy reactive power means that the load will appre- 
ciably affect the service voltage. However, various means 
are provided for selecting the voltage appropriate to service 
conditions, namely, the regulating transformers at the three 
stations, the eight reactors, totalling 420 megavars, the 
75 megavolt-amperes synchronous condenser at Hallsberg, 
and linkage with the powerful 220-kv system at Midskog. 


STABILITY, TRANSMISSION CAPACITY, AND LOSSES 


Initially the north line section will only be used for trans- 
mitting power from Harspranget, that is about 300 mega- 
watts, which will give an ample stability margin. The 
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section Midskog-Hallsberg, which will also receive consid- 
erable power from the 220-kv system, should, according to 
tests, be capable of transmitting about 400 megawatts 
without endangering the stability. 

The ohmic losses in the north line section at 300 mega- 
watts input will amount to 7.6 megawatts. The corre- 
sponding losses in the south section will be 13.6 megawatts 
when carrying 400 megawatts. To these must be added 
the corona losses, estimated at an annual average of about 
4 megawatts for the whole line (Figure 9). The total line 
losses when transmitting maximum power will thus be 
about 25 megawatts during the first years. 


TIME SCHEDULE AND COSTS 


The first generator at Harspranget is scheduled to come 
into operation at the beginning of 1951. By that time the 
Hallsberg-Harspranget line should also be completed, but 
owing to delays in delivery of transformers and other equip- 
ment, the line will at first be operated at 220 kv. Towards 
the end of 1951 and the beginning of 1952 the other two 
generators at Harspranget will be finished and this is the 
time scheduled for putting the 380-kv system into operation. 

At present, the cost of the line is estimated at 25 million 
dollars, and that of the transformer stations at Harspranget, 
Midskog, and Hallsberg at 11 million dollars. The cost of 
the power station at Harspranget will be 28 million dollars. 
This gives a total cost for the entire system of about 64 
million dollars. (The costs are converted at the rate for the 
dollar, current last summer, that is 1 dollar = Swedish 
crowns 3,60. The rate has since then been changed to 1 
dollar = Swedish crowns 5,18.) 

The construction of the power station at Harspranget 
and the 380-kv line and transformer stations is being carried 
out by the State Power Board. Generators, transformers, 
circuit breakers, and remaining electric equipment will be 
supplied by the Swedish electrical firm, Allmanna Svenska 
Elektriska Aktiebolaget. The design of the 380-kv Hars- 
pranget-Hallsberg system is the result of an intimate co- 
operation between this company and the board. 


FUTURE EXTENSION OF THE 380-KV SYSTEM 


The installation described will soon be followed by the 
extension necessary to provide transportation of power from 
new stations north of Midskog. A second 380-kv line to 
the south will be ready by 1953 (Figure 2, dashed thick 
line). This 300 miles line will be connected with the first 
line in a point 35 miles north of Midskog. Successive 
extension of the transmission system is then visualized up to 
the stage when all available hydro-electric power will be 
utilized. At present the number of 380-kv lines required 
for this purpose is estimated at six (Figure 10). 
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The Preference for Diesel-Electric Locomotives 


THOMAS J. 


WOODS 


ASSOCIATE AIEE 


IESEL locomotives pulling long freight trains of several 
thousand tons on mainline railroads are a familiar 
sight, yet most people are not generally aware of the time 
and effort that must be expended in collecting and dis- 
tributing this freight moving over the principal lines of the 
railways. The little known “work horse’ that performs 
the seemingly thankless task of collecting and distributing 
this freight to all industries is the switching locomotive, 
working all hours of the day and night. Loaded cars are 
brought to a classifying point where further switching and 
transfer work is required to make up a through freight train 
destined for movement over the main line. 

To meet the specific requirements of industrial service, 
there are many manufacturers who specialize in supplying 
industrial plants and railways with smaller switching loco- 
motives, weighing 80 tons or less, with horsepower ratings 
up to 600. Main-line locomotives are much larger and 
have been built in capacities of 500 tons, and several thou- 
sand horsepower. These are specialized fields and usually 
are handled independently by different builders. 

For many years the reciprocating steam locomotive 
handled practically all the transportation services in indus- 
trial plants. With the development of the diesel engine for 
railway vehicles it was recognized that this form of motive 
power was ideally suited for industrial switching service. 
[ts success was due primarly to the electric transmission 
consisting of d-c propulsion generators and traction motors. 
The engine is a relatively constant-torque device and can- 
not meet the requirements of wide torque variation at the 
rims of the driving wheels without the introduction of a 
torque converting mechanism. The d-c generator and 
traction motors are unsurpassed as a torque converter. 
Locomotive builders have available reliable and efficient 
electric transmissions designed for the severe service encoun- 
tered on industrial switching locomotive applications. 

From the extensive application experience gained in the 
United States and abroad, there has evolved a line of stand- 
ard units suitable for industrial work. These are classi- 
fied by weight on drivers. The most common types are 
the 25-, 35-, 44-, 50-, 65-, and 80-ton locomotives. There 
is a sufficient degree of flexibility in design of these locomo- 
tives to permit builders to supply locomotives with charac- 
teristics to meet special operating requirements of users. 
And these special requirements are many. Both in this 
country and abroad, other than standard gauge is frequently 
encountered; also unusual width and height limitations are 
often imposed. 

The builders of industrial locomotives do not manufac- 


Digest of paper 49-176, “Industrial Plants Prefer Diesel-Electric Switching Locomo- 
tives,” recommended by the AIEE Land Transportation Committee and approved by 
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ture diesel engines but purchase recognized makes for 
locomotive installation. These range in speed from 1,000 
to 2,100 rpm and in horsepower from 100 to 600. In recent 
years, as engine design and reliability have improved, the 
trend has been toward higher speeds. A number of 2,100- 
rpm engines of 250 to 300 horsepower have been in service 
for several years with excellent operating results. In engines 
of 600-horsepower capacity operating speeds of 1,000 to 
1,200 rpm are not normally exceeded. 

Higher economy and greater availability are the prin- 
cipal factors sounding the “‘death knell” for the steam switch- 
ing locomotive. Smoke-control ordinances of many com- 
munities merely increases the preference for diesel-electrics. 
Although some progress is being made in reducing smoke 
from steam locomotives by using overfire air jets and con- 
trolled combustion, it is unlikely that the steam locomotive 
will ever be as clean as a diesel. 

To illustrate what may be accomplished by the substitu- 
tion of diesel motive power, the results of a recent steel mill 
application study are shown in Table I. The mill has five 
steam locomotives in operation handling intraplant switch- 
ing and consideration is being given to the replacement of 
these units with diesel locomotives. Four 50-ton diesel- 
electric locomotives can replace existing steam power and 
the resulting savings will pay for the diesels in five to seven 
years. Each diesel locomotive will average 3,415 hours of 
operation per year. 

The operating advantages and economies possible with 


Table I. 
Comparison of Operating Costs of Steam and Diesel-Electric Locomotives 


Typical Steel Plant 


Dollars Per Hour 


Present Steam 50-Ton Diese) 
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diesel locomotives are obtainable by precision maintenance 
and repair. A diesel-electric locomotive is composed of 
many elements requiring trained personnel for its proper 
upkeep and for realizing the higher availability and low 
operating cost inherent in this type of motive power. A 
diesel locomotive functions best when properly maintained. 
By observing the necessary precautions with regard to 
operation, following recommended maintenance proce- 
dures, and keeping the locomotive clean, the industrial 
user will achieve an economy of operation hitherto unat- 
tainable with reciprocating steam motive power. ‘ 


ELECTRICAL ENGINEERING 


Relaying on Sunbury Transmission Lines 


H. H. GREEN 


N PLANNING the development of the transmission 
facilities needed for the output of the initial installation of 
two 75,000-kw units at the new Sunbury plant of the Penn- 
sylvania Power and Light Company, provision of “spare” 
lines has been avoided by placing full dependence on the 
ability of fast protective and reclosing relaying to reduce 
line outages to short durations for all except the relatively 
care faults that are inherently persistent. Because of this 
dependence upon modern relaying, the number of lines 
has been limited to those already existent in close proximity, 
which are simply being extended into Sunbury, plus three 
new ones that are required for load-carrying capacity 
regardless of relaying. (See Figure 1.) 

Recognizing that the relatively rare occurrence on peak 
of faults that are inherently persist- 
ent will not justify spare lines, the 
functional requirements of the relay- 
ing for these lines are: to clear 
all inherently nonpersistent faults 
quickly enough to keep them from 
becoming persistent; and to reclose 
the terminal circuit breakers quickly 
enough to give reasonable assurance 
that the line will be back in service 
before some other line in its group 
is faulted. Experience with other 
lines indicates that these objectives C 
can be met with fast protective re- 
lays and reclosure within’ two or 
three seconds. ‘There is no stability 
problem. 

Some of the special problems that 
had to be considered in the selection 
of relays were: the difficulty of reach- 
ing faults at the ends of tap lines 
because of the apparent increase in 
the impedances seen by the terminal 
relays; the desirability of avoiding 
overtripping for faults on the low- 
voltage feeders out of tapped step-down substations; and 
the necessity for opening low-voltage ties feeding back into 
the lines through tapped delta-connected step-down trans- 
formers, to avoid having sustained arcing grounds prevent 
successful reclosure. 

For the phase protective relays, 3-zone impedance type 
HZM, having modified (offset) characteristics, were se- 
lected as best meeting all of the particular requirements. 
As usual, all three zones will trip through directional ele- 
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Figure 1. 


network 
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ments independently of carrier control, after their respective 
time delays. For carrier control, the third zone will be 
almost completely offset to make it largely directional and 
will control carrier starting; the second zone, covering the 
entire line, will trip instantaneously unless restrained by a 
carrier blocking signal. The directional starting of carrier 
allows sequential tripping of the two main terminal circuit 
breakers for faults on long taps, which might be within the 
reach of the carrier starting relays but not the tripping relays 
at one terminal. 

For the ground relays, carrier-pilot protection is being 
provided by two sets of directional instantaneous units, one 
for tripping and one for carrier starting. This arrangement 
again allows sequential tripping, as carrier is not started for 
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ground faults on the line. Independent back-up relays 
are being provided for the ground relays, but not for the 
phase relays. Interruption of feedback from low-voltage 
ties through tapped transformers is being accomplished 
by the use of very sensitive power directional relays. 

Automatic reclosure of the main-line terminal circuti 
breakers will be made with 1-shot reclosing relays with 
timers to delay reclosure long enough to allow for sequential 
tripping of the terminal circuit breakers and for interruption 
of low-voltage feedback. ‘Total restoration times for the 
first shot will vary between 30 and 100 cycles from the 
inception of the fault, which is considered quite adequate. 
Low-voltage ties will then reclose automatically if line 
reclosure is successful. 
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HE B-7 alarm and control system provides means of 

supervising and controlling equipment in locations 
which are remote from a designated control point. The 
controlled stations may be spaced at intervals on a line 
extending in one direction or divided between lines extend- 
ing in two, three, or four directions. Ten stations may be 
controlled from one control point. 

This system was designed for controlling equipment at 
main stations along a coaxial cable route. Alarm condi- 
tions originating in these main stations or received by them 
are transmitted to the control station by a pulse code. ‘The 
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second and third digits can transmit any required number 
of orders from one to 100. Among the functions performed 
by these orders are cable switching, battery charging, reset- 
ting pilot level relays, and starting the indication circuit. 
Each time that an order is addressed to a station, the alarm 
lamps for that station will be extinguished but if the alarm 
condition still exists, a new alarm will be transmitted to the 
control station. 

The indication circuit is arranged to scan 168 contacts at 
an unattended station and relay the presence of ground on 
any contact to the control station where a lamp bank 
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Lockout features 
transmission of alarms. 
which accumulate while the alarm channel is in use are 
transmitted in sequence to the control station when the 


code indicates which station 
whether the alarm is major or minor. 
prevent 


simultaneous Alarms 


alarm circuit is free, At the control station, separate lights 
are assigned for the major and minor alarms from each con- 
trolled station. When either type of alarm is received, an 
audible alarm is sounded. By operating a key, the audible 
alarm may be silenced and the alarm condition can be 
transferred to a set of storage lamps leaving the first-men- 
tioned lamps free to receive new alarms. 


Orders are transmitted from the control station with 
three digits on a 10-unit dial. The first digit selects the 
station to be affected by conditioning the order circuit in 
that station to accept the next two digits. The order cir- 
cuits in all other stations of the group are disabled. The 
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the scanning circuit encounters a ground, the correspond- 
ing lamp at the control station is activated. 

The signaling paths between stations are obtained by 
compositing a 4-wire telephone order wire circuit. This 
provides four d-c channels. ‘The first channel is used for 
the transmission of alarms. ‘The second transmits orders 
from the control station and transmits the scanning pulses 
to the control station. The third channel transmits indica- 
tion signals to the control station. The fourth channel is 
used as a neutralizing path common to the other three 
channels for neutralizing the effect of ground potential or 
other longitudinal interference in the operating circuits. 
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Expanding the Pacific Coast Telephone Network 


DP Go ME 


HE EVENTS of 1849 

brought to the Pacific 
Coast of United States an 
enormous insurge of popula- 
tion, new industries, and a 
vast stimulus to message com- 
munications. A century later 
history is repeating, but on a 
much larger scale. During 
the past decade, the Pacific 
Coast has experienced an unprecedented influx of popula- 
tion, far greater in numbers than that of a century ago. 
With this migration came revolutionary changes in indus- 
try and a soaring demand for expansion of electrical com- 
munication facilities. 

The telephone was introduced in San Francisco in 1877 
with 18 subscribers. The following year several toll tele- 
phone lines began to serve the gold mining fields of Cali- 
fornia. 

A major turning point in telephonic communication was 
reached by 1915 when transcontinental wire telephony was 
inaugurated after construction of a line with four wires via 
Reno and Salt Lake City. The same year radiotelephone 
signals were successfully transmitted from Arlington to 
Paris, Panama, Mare Island, and Honolulu. The +ech- 
niques for world-wide extension of telephony were thus 
demonstrated. Henceforth the emphasis would be upon 
multiplexing, and the ensuing decades are marked by 
successive advances in methods to permit commercially 
practical development of great numbers of circuits at ever 
lessening cost in comparison with older methods, together 
with the switching devices for interconnection. To the 
Pacific coastal area, these developments were of command- 
ing importance, owing to its isolation by barriers of moun- 
tains and deserts to the eastward, and by the greatest of 
oceans on the westward. 

Since 1914 the population of the area served by The 
Pacific Telephone and Telegraph Company and _ local 
connecting companies has grown from five million to 15 
million with attendant industrial development (see Figure 
1). To grow from five million to ten million required 25 
years, but the great influx of people in the years during and 
since World War II has produced another five million, a 
50 per cent increase in the ten years since 1939. 

On the same chart, are shown the number of telephones 
(Pacific Company) and miles of toll circuits. ‘Telephones 
grew from just over one-half million in 1914 to 3.7 millions 
in 1948. The effects of the depression and of World War II 
restrictions are evident in the otherwise steady advance. 


by 50 per cent. 


terminal equipment. 


Essential substance of a conference paper presented at the AIEE Pacific General Meet- 
ing, San Francisco, Calif., August 23-26, 1949. 
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Since 1941, the population of the area served 
by The Pacific Telephone and Telegraph Com- 
pany and local connecting utilities has grown 
To meet the concomitant in- 
crease in demand for telephone facilities, these 
companies are installing new transmission and 
The sites and types of 
carrier used at each installation are described. 
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In addition, there are within 
the territory 636,000 connect- 
ing company telephones and 
63,000 customer-owned ‘‘far- 
mer line’ telephones. Since 
1914, when wire facilities per- 
mitted setting up a few tele- 
phone from San 
Francisco to points as distant 
as Los Angeles, Portland, and 
Reno, but not to points further east, the telephone net- 
work has grown, in two major waves of development, 
until there are now hundreds of circuits on the major 
coast-wide and transcontinental routes, besides radiotele- 
phone overseas circuits spanning the Pacific (Figure 2). 

The first wave of growth, shown by the chart of Figure 1, 
prior to 1930, was characterized by the use of voice-fre- 
quency cable circuits and by open wire telephone lines 
with 1- and 3-channel carrier systems. These develop- 
ments have been described in a series of papers, notably by 
Hitchcock in 1923,! and 1926,2 Nance and Jacobs, 1926, 
Chamberlin in 1928,4 Calderwood and Smith in 1932.5 
During this period, toll circuits increased from 70,000 
circuit miles to 240,000, far outstripping the rate of growth 
of population. 

In the late 1930’s, the revival of business brought the 
numbers of telephones and toll messages to new peaks, and 
then the beginning of World War II set up a demand result- 
ing in another sharp advance during and since the war 
years to about 2.2 millions of circuit miles or 30 times the 
amount in 1915, to compare with the three to one increase 
in population. 

It would have been possible to resume the construction of 


circuits 


MILLIONS 


Figure 1. Growth 
of population and 
telephone network 
in area served by 
The Pacific Tele- 
phone and Tele- 
graph Company 
and local connect- 
ing companies 


02 
i910 1920 1930 1940 1950 
YEAR 


1033 


the voice-frequency cable network which had been halted 
in 1930. Most fortunately, however, the activity of Bell 
System research and development engineers during the 
depression years had made ready new carrier systems, 
providing circuits of greater transmission capabilities and 
making such effective use of existing open wire lines and 
cables, both aerial and subsurface, that the requirements for 
copper, lead, poles, and right-of-way were greatly lessened, 
with consequent reduction in costs. These new systems 
are the J carrier,® providing 12 2-way telephone channels 
on one pair of open wire, and the £ carrier,’ providing 12 
channels on two pairs of standard 19-gauge voice-frequency 
toll cable, one nonloaded pair being used for each direction 
of transmission. Applicable to long-haul routes requiring 
hundreds or thousands of circuits, coaxial cable structures 
in the Z carrier system® and microwave radio techniques 
in the 7D radio relay systems®! further enlarge the range of 
choice of instrumentalities. 


DESCRIPTION OF PACIFIC COAST APPLICATIONS 


1. K Cable Carrier System. ‘The urge to make stormproof 
the major Portland—East route through the Columbia 
River Gorge and the major Oregon—California route in 
the Sacramento River Canyon between Redding and Weed, 
and the need for more circuits in these sections led to the 
first use of A carrier on the Pacific Coast. New cables 
arranged for X carrier were placed in service from Portland 
to Wyeth (50 miles) and between Redding and Weed 
(71 miles) in 1941, greatly reducing the hazards of inter- 
ruption by sleet on the open wire lines. 

The several transcontinental routes (all on open wire in 
the West except close to their terminals) required relief. 
Studies of routes and systems led to selection of the Omaha-— 
Salt Lake-Sacramento path via the Donner Pass through 
the Sierra Nevadas, for extension of KX carrier systems west- 
ward from Omaha. Between Omaha and Sacramento, 
there were almost no existing toll cables that might serve 
as part of an all-cable line, hence it was necessary to place 
twin cables on a new route to accommodate £ carrier. 
Over long stretches in Nevada, provision of access roads 
and power supply to the repeater stations proved to be 
major problems. Because of wartime shortages, it was 
necessary to limit the installation over most of the route to 
twin 61-pair cables, with capacity of 40 long-haul K systems 
(480 telephone message channels) plus a small number of 
short-haul voice-frequency cable circuits. 

A very different situation was presented in extending 
these A systems west and south of Sacramento to San 
Francisco and Los Angeles. Twin cables suitable for K 
systems had been placed between Sacramento and Stockton 
in 1941. Most of the original Los Angeles—San Francisco 
cable complete in 1930 was adaptable for conversion to K 
operation in one direction; so a paralleling 61-pair cable 
was placed to handle transmission in the opposite direction. 
This new cable is all underground, whereas the original 
cable was about half aerial. The entire A system installa- 
tion, Los Angeles-San Francisco—Sacramento and to the 
East, was pushed through to completion for initial service 
in December 1942, tripling the message capacity of the 
original cable with large savings in scarce materials, labor, 
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and cost, compared with earlier methods. (See Figure 2) 

KF carrier development on the Pacific Coast is rounded 
out by applications to cables connecting Portland to Seattle, 
Salem, and The Dalles, Los Angeles to Whitewater and 
San Diego, and finally Oakland to Sacramento via the 
direct route—a total of 1,600 route miles and 740,000-circuit 
miles. 


2. J Open Wire Carrier Systems. Beginning with White- 
water to Oklahoma City in 1939, J systems, each providing | 
an additional 12 circuits over a pair of wires already carry- 
ing four circuits, have been placed in service on almost all 
major open wire routes in the West. The 12 systems placed 
in service between Klamath Falls and The Dalles along the 
Columbia River helped to defer the Sacramento—Portland 
cable project until after the war. 


Early in 1942 the need for additional facilities in con- 
nection with the war effort dictated provision of a major 
telephone line from southern California to the Pacific 
Northwest via a route east of the Sierra Nevada and 
Cascade Mountains. Authorization was given in April 
1942 for all-out effort in completing new open wire pole 
lines from Las Vegas, Nev., via Reno to Klamath Falls, 
Yakima, and The Dalles, and a 67-mile tie line in southern 
California, all suitable for J systems. Including some 
branch lines en route, this totaled 892 miles of new pole 
line. New wire was added on 425 miles of existing pole 
lines, such as Klamath Falls to The Dalles. 


By emergency methods of engineering and assembly of 
materials, and with help of construction crews and equip- 
ment borrowed from several midwestern and eastern 
telephone companies, the first relief was provided via the 
new lines within five months of authorization—a record- 
breaking performance. Such a project would normally 
involve years in planning and execution. 


The line was designed to carry eight pairs of wires capable 
of handling 128 message telephone circuits—16 circuits on 
each pair by means of C and J carriers. It continues to 
operate at nearly full capacity. 


Most of the open wire lines shown in Figure 2 including 
three transcontinental open wire lines are J carrier equip- 
ped. There are 4,200 route miles and 202,000 toll circuit 
miles on a J carrier basis. 


3. L Carrier System Applications. When additional trans- 
continental circuits became necessary, because of exhaustion 
of facilities in the A cable from Omaha to Sacramento, as 
previously mentioned, a coaxial cable to Los Angeles via 
Dallas and Phoenix was undertaken. The Dallas—Los 
Angeles section, comprising about 1,600 miles with eight 
coaxials, was placed in service in November 1947. One 
pair of coaxials now has a full complement of L-7 equip- 
ment, comprising 600 voice-telephone channels with a 
second pair equipped and operating as a fall-back for pro- 
tection of service. 

By 1945 every channel that could be crowded on to the 
open wire lines joining Salt Lake, Reno, and Sacramento to 
Oregon and Washington was in use. Prospective growth 
clearly indicated a major cable project. Studies for type 
of structure led to the choice of coaxial cable from Sacra- 
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mento to Portland, via Redding and 
Medford, with quadded pairs in- 
cluded in the cables for short haul 
circuits. 

A 6-coaxial plus 54-quad cable 
was placed from Sacramento to 
Marysville in 1946. The remainder 
of the cable from Marysville to Port- 
land, placed in service in June 1948, 
was provided with eight coaxials. 
From Sacramento to Portland the 
route is 584 miles with dropping 
points for coaxial circuits at Redd- 
ing, Medford, and Eugene. Four 
coaxials are currently in service, two 
for message traffic and special serv- 
ices and two for protection of service. 

Studies in 1946 of procedure for 
adding circuit capacity between cen- 
tral and southern California led to \ 
selection of coaxial construction from \ 
Oakland to Los Angeles via Sal- ; 
inas and Santa Barbara, having in 
view the fully developed K and voice- 
frequency cable system in the Stock- 
ton—Bakersfield route. To meet 
urgent short-haul requirements for 
quadded pairs which can be included 
within the same sheath as the co- 
axials, the Oakland-San Jose, Santa 
Barbara—Ventura, and Van Nuys- 
Los Angeles sections have been placed 
in advance of the rest of the’ route. 

The major open wire toll route 
eastward from Seattle, traversing 
the rugged Cascade Mountains, has 
presented a severe maintenance 
problem because of extremely severe 
winter weather. Construction of a 4-coaxial cable is now 
in progress on a 130-mile route from Seattle to Yakima. 
The coaxial cable will greatly increase the capacity and 
security for this line from Seattle to the important existing 
and prospective developments of the Columbia River Basin, 
and the transcontinental routes via Spokane and Boise. 
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The great number of circuits concentrated within a 
single-coaxial sheath make necessary extraordinary pre- 
cautions. On coaxial cable routes, this has led to: laying 
twin cables at important submarine crossings; structural 
reinforcement of duct structures at points of exposure to 
washouts; placing buried cable deeper underground than 
temperature control would dictate, sometimes six feet or 
more; frequent warning signs and cable location markers; 
elaborate alarm systems to detect failure of gas pressure 
in the cables and to warn of failures at unattended repeater 
points. 


4. Radio Applications. The use of radio as a servant of 
the Pacific Coast commercial telephone network began 
with the “‘historic first’? commercial radiotelephone service 
between Catalina Island and Los Angeles in 1920. This 
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figure 2. Major long-distance routes of The Pacific Telephone 
and Telegraph Company 


was superseded by submarine cable in 1923,! and an 8- 
channel microwave system now serves the Catalina—Los 
Angeles path, supplementing the cables. A 16-channel 
microwave relay system served nearly a year during 1947- 
1948 for traffic relief on a major open wire land route until 
cable could be completed (Marysville to Redding, 115 
miles with one relay station). ‘The same 16-channel system 
now fulfills a similar task, working from Oakland to Santa 
Rosa via Mount Tamalpais. The AN/7TRC6 microwave 
radio system, using pulse-position molulation at 4,000 
megacyles, is used in all three cases.!!_ Developments in 
microwave relay equipment indicate that in the near 
future it will be a formidable competitor not only for han- 
dling television transmission but also for message traffic on 
routes requiring hundreds of long-haul circuits with limited 
short-haul needs, 

Coastal harbor radio service between the land-line system 
and ships was instituted in the 1930’s at Los Angeles, San 
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Francisco, and Seattle, and later at Astoria, Portland, and 
Eureka. One channel in the 2-megacycle range is currently 
serving at each of these points giving coverage from Mexico 
to Canada and in Puget Sound, the Columbia River as far 
east as Bonneville, as well as the San Francisco Bay region. 
Over 3,800 ships are being served.!? Sixteen portable 
emergency radio sets are maintained at strategic points to 
permit bridging of gaps in event of catastrophe completely 
interrupting normal facilities. 


The opening of the initial trans-Pacific radiotelephone 
circuit to Honolulu in 1931 marked the beginning of a major 
extension of coverage which has since increased until there 
are six circuits to Honolulu and one or more to China, 
Japan, Korea, Okinawa, the Philippine Islands, Java, 
Australia, and New Zealand, 20 circuits in all, totaling about 
100,000 circuit miles, besides one channel for ships on the 
high seas beyond the range of coastal harbor service. ‘The 
link to Batavia, Java, is 8,650 miles long. 

The original transmitter, at Dixon, Calif., was rated at 
80 kw (peak envelope power), and used double side-band 
transmission.!? Later additional transmitters employ two 
kw peak envelope power. Several frequencies in the high- 
frequency band (3 to 30 megacycles) are required by each 
transmitter to meet the long-range transmission variations, 
diurnal and seasonal. Single side-band transmission, with 
as many as three voice circuits on one channel, is in use 
where far-end terminals are suitable. 


To augment the open wire and cable connections between 
the Point Reyes receiving station and San Francisco a 1- 
way 3-channel radio telephone link operating at 161 mega- 
cycles with a 15-watt amplitude-modulated transmitter was 
placed in service in 1940 between directive antennas at 
Point Reyes and San Francisco. 


Alaska is tied in to the commercial telephone network 
by a high-frequency radio system of the Alaska Communica- 
tion System of the United States Army (in addition to land- 
line circuits via the Alcan highway) with several channels 
connecting Alaskan centers and the land-line system at 
Seattle. 

In 1946 urban mobile radio service was begun at San 
Francisco serving railway yard locomotives as well as auto- 
mobiles, trucks, and, later, ships. This service has ex- 
tended until there are 13 channels in service serving more 
than 500 mobile stations in ten cities.'4 Highway mobile 
radio service now employing 13 land transmitters and about 
60 land receivers serves some 250 vehicles. It was begun 
in 1947 on the Portland—Salem—Eugene route. 

Single-channel radio links connecting Portland to Mt. 
Hood, Spectre Mountain, Nev., to Death Valley, San 
Diego to Mt. Woodson, Fresno to Joaquin Ridge, Newhall 
to Liebre Mountain, and Mt. Toro to Los Padres Dam are 
instances of point-to-point service in locations where wire 
line construction presented unusual difficulties and it was 
found practicable to utilize frequencies and equipment of 
the kind developed for the mobile services just described. 

Early in 1948 an intensive investigation of the terrain 
between Los Angeles and San Francisco was begun, to deter- 
mine the design of a microwave relay route for the earliest 
practicable transmission of television, and suitable for 
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furnishing telephone message circuits in large numbers to 
supplement existing land-line routes, both open wire and 
cable, when relief is needed. A wartime experimental 
channel established by the United States Army from San 
Francisco to San Diego,!* had shown that transmission with 
4,000-megacycle equipment of the AN/TRC6 type was 
practicable but that large variations in transmission due to 
tropospheric changes and earth surface reflections were to 
be expected. 

Measurement of the variation of transmission loss over 
considerable periods of time was undertaken to explore 
seasonal changes, utilizing typical paths of varying lengths 
and surface characteristics northward from Los Angeles 
over the Tehachapi Mountains and via the west side of the 
San Joaquin Valley and Mt. Diablo to San Francisco. All 
paths were chosen to have at least ‘‘first Fresnel Zone” 
clearance without allowance for refraction. Besides the 
requirement that transmission be of sufficient signal-to- 
noise ratio and stability between repeater stations to provide 
dependable service, a host of considerations influence the 
choice of sites, such as access roads for construction and for 
maintenance, availability of commercial power supply, 
provision of auxiliary communication for conveying failure- 
alarms and automatic controls. With the bold and varied 
structure of mountain and plain encountered in this region, 
the basic line-of-sight criterion can be met over many 
routes without resort to towers, leaving great latitude of 
choice, to be resolved by obtaining the best balance among 
these items. 


For the entire route between Los Angeles and San Fran- 
cisco eight intermediate repeaters will be used in the initial 
installation. Several of the buildings are now under con- 
struction with the objective of having the initial channels 
ready to provide television service in the spring of 1950. 
Provision has been made for additional repeater station 
sites on the longer paths as future requirements may develop 
need. 


The Mt. Diablo repeater station, on the west shoulder 
about one-half mile from the summit, is within the State 
Park. The building and location have been specified in 
co-operation with the State Park Commission to be in full 
harmony with the recreational purposes of the park. 


TOLL DIALING 


A discussion of “Expanding the Pacific Coast Telephone 
Network” would not be complete without mentioning the 
steps toward mechanization for the handling of the enor- 
mous volume of toll traffic carried by such a network. 
This is proceeding in two categories, namely, operator toll 
dialing and customer toll dialing. The former is being 
developed on a nation-wide basis. The latter requires one 
of several forms of automatic machine recording of toll 
tickets, or the employment of a message unit rate schedule, 
with automatic metering of each customer’s message unit 
usage, and at present is being applied only where heavy 
volumes of short-haul traffic are involved. Both have the 
objective of greatly speeding and improving the accuracy 
of service and increasing efficiency in the employment of 
facilities and personnel. They are directly related to the 
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increasing use of dial arrangements in local offices. At the 
end of 1948, 81 per cent of the telephones served by the 
Pacific Company were on a dial basis. 

1. Operator Toll Dialing. Operator toll dialing is the 
system by which an outward toll operator at the originating 
_ point reaches the called telephone in a distant city by the 
use of dial equipment without the help of any other opera- 
tor. ‘The calling customer at the originating point reaches 
the long distance operator in the usual manner, who then 
completes the call by dialing the necessary codes and the 
called number. The operator receives distinctive signals 
to tell her when the called customer answers or that his 
line is busy or that all toll circuits are busy. Provision is 
also made for her to reach information or other operators if 
their assistance is necessary in completion of the call. 

Scores of communities have for years been furnished local 
telephone service through local dial offices. Gradually 
the range of the dial mechanism has been extended, first 
to near-by towns and then to the establishment of short- 
haul toll networks. Today such short-haul toll networks 
are used extensively. On the Pacific Coast they center 
around the metropolitan areas of Seattle, Portland, San 
Francisco, Los Angeles, and San Diego, which have a high 
community of interest with near-by cities, and certain inland 
cities which have sizeable communication requirements not 
only between themselves and near-by communities but also 
to one or more of the adjacent metropolitan areas named. 

The inherent design of the foregoing networks has 
restricted their application to the requirements of short-haul 
toll traffic, that is, in general, to direct circuit traffic or to 
1-switch traffic, involving in either case circuits not exceed- 
ing one or two hundred miles in length. This is due in part 
to design economies being pointed to the needs of a particu- 
lar field of usage and in part to the fact that technical 
arrangements necessary to extend dial switching to long- 
haul multiswitch traffic have only recently become avail- 
able. 

The following presents chronologically a history of toll 
dialing expansion on the Pacific Coast: 


1925—Trial installation of a short-haul operator toll dial switching 
system in Seattle using panel-type equipment—called panel tandem 
system. 


1926—Step-by-step tandem system placed in service in Los Angeles, 
handling calls between metropolitan Los Angeles and 30 outlying 
exchanges;!” also similar system at San Diego. 


1930—Anaheim (Orange County) step-by-step tandem system insti- 
tuted. 


1942—San Francisco and Oakland crossbar tandem equipment 
installed. Initially to handle customer-dialed interzone traffic 
within the San Francisco—East Bay exchange, and later expanded to 
handle operator-dialed toll traffic between the metropolitan area 
and some 31 outlying toll centers and tributaries. 


1945-1948—Sacramento step-by-step intertoll system was installed 
in 1945 followed by similar systems at Portland and other points; 
also crossbar tandem systems at Seattle and Los Angeles. 


Development work had been in progress for some years 
before World War II on a toll switching system of the 
crossbar type which would meet the requirements of long- 
haul toll dialing and which, with suitable changes in meth- 
ods and facilities, would permit the interconnection and 
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expansion of the isolated networks in various parts of the 
country into a nation-wide system. A trial installation of 
this new toll switching system, commonly referred to as the 
Number 4 toll crossbar system, was made at Philadelphia 
in the latter part of 1943 and is described in a paper by 
Abraham, Busch, and Shipley.18 

Number 4 toll crossbar installations similar to that at 
Philadelphia were completed in 1948 at New York and 
Chicago, and will be completed this year at Cleveland, 
Boston, and Oakland, the latter being the first such installa- 
tion on the Pacific Coast. They will be followed in later 
years by many similar installations including the more 
important Pacific Coast centers, Los Angeles, Fresno, 
Sacramento, Portland, and Seattle. The timing of a given 
installation is determined by economic considerations which 
must take into account factors local to the center under 
study as well as its relationship to the dialing network as a 
whole. 

Following cutover this fall, some 1,100 dial intertoll 
trunks will be connected with the Oakland Number 4 toll 
crossbar equipment. ‘These intertoll trunks will serve 40 
toll centers of which 12 are outside the Pacific Coast states, 
including Chicago and New York, and 28 are Pacific 
Company points. Some 925 ringdown intertoll trunks will 
remain connected to the manually operated toll switch- 
boards at Oakland. ‘The ringdown facilities will be trans- 
ferred to dial operation as rapidly as feasible after dialing 
arrangements become available at the distant toll centers. 

With some modification to be applied later, the toll cross- 
bar switching equipments, of which the installation at 
Oakland is typical, will select one of several alternate routes, 
automatically passing to successive choices if all circuits in 
the first route tested prove busy and operating the switches 
at intermediate points, will complete the call to the distant 
telephone. 

The new service will be more accurate, less subject to 
interruptions and faster, thereby reducing circuit holding 
time, and flexible in application so that cities can be added 
to the dialing network as conditions warrant. Besides the 
improvement in service, over-all economies may result as 
the dialing network develops. 


2. Customer Toll Dialing. Customer toll dialing re- 
quires the application of one of several methods for the 
automatic machine recording of toll ticket information so 
that a customer can complete his own short-haul toll calls 
without the services of an operator. The particular ar- 
rangement employed depends on the type of local dial 
equipment used at a given center. 

Where the local equipment is of the step-by-step type, 
equipment is employed which automatically prepares an 
individual printed ticket showing the information needed 
for charging the call. This arrangement is commonly 
referred to as Automatic Ticketing Equipment or AJ. The 
first installation of this equipment was made at Culver City 
(near Los Angeles) in 1944.19 Similar installations have 
been made at several points in northern and southern 
California, and other installations are scheduled. 

Where the local dial equipment is of the crossbar type 
the call charge information necessary to the proper billing 
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of the call is recorded by a system known as Automatic 
Message Accounting or AMA. In this system the equip- 
ment at the local central office distinguishes whether the 
subscriber is making a local flat-rate call, a message rate 
call, toll or local, or a toll call to some point to which he is 
permitted to dial his own calls and for which a detailed 
bill is required. 

All information is recorded as coded numerals punched 
on a 3-inch-wide paper tape (message units, toll or local, 
where message rates apply, or in the case of a detail-billed 
toll call, the month, day, and exact time at which conversa- 
tion begins and ends). Each of these entries is made on the 
tape in a fraction of a second and details of a number of 
calls may be recorded on the same tape as they occur. 
These tapes are collected daily from the local offices using 
this system and taken to an accounting center serving the 
entire area. ‘There the tapes are “tread” by special account- 
ing machinery and the call information automatically sorted 
out for billing. 

A trial installation of AMA equipment was made at 
Media, Pa., (near Philadelphia) in 1948. Other installa- 
tions now are in use and more are being planned, including a 
number of offices on the Pacific Coast. 

Each proposed application of customer dialing involves 
an economic study in which savings in traffic and account- 
ing expense are balanced against the charges for the neces- 
sary automatic arrangements, the latter being sizeable. 
Ordinarily, the application proves in only where large 
volumes of short-haul toll traffic are involved. 


CONCLUSIONS 


Since 1915, when transcontinental telephone service was 
first established, the Pacific Coast area has increased three- 
fold in population, sevenfold in telephones, and thirtyfold 
in telephone toll circuit mileage. Growth has been so 
rapid that facilities have usually been fully utilized earlier 
than was indicated at the time of construction. The 
newer methods of providing channels are characterized by 
ever-advancing complexity of terminal arrangements and 
decreasing demands for intermediate line structures and 
materials until in the radio relay links the only requirement 
between stations is a reasonably stable line-of-sight path- 
way. Flexibility and dependability have been enormously 
increased and new areas served by a multiplicity of routes in 
contrast with the single-route layout of 1915. 

Along with the increase in numbers of communication 
paths between communities has come toll dialing, a machine 
method of interconnecting these paths. This is a major 
contribution to giving faster, more accurate, and more 
dependable long distance service. 

The picture here presented is limited to some of the 
larger or more novel commercial telephone developments 
of one organization. A complete picture of the Pacific 
Coast communications growth would require consideration 
of the activities of some 265 connecting telephone com- 
panies, telegraph companies, both wire and radio, railroad, 
power, and petroleum companies, and local, state, and 
national governmental organizations. 


Besides meeting the phenomenal growth of the past 
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decade, the facilities now in place and under construction 
on the Pacific Coast have capacity for presently foreseen 
needs, including intercity television. Viewing the pros- 
pects of this coastal region there is every reason to believe 
that in the next decade, as in those past, demand will con- 
tinue to grow and that facilities now ready or in process of 
construction will be fully utilized, expanded, and ex- 
tended. 

The economic effect of the new techniques for meeting 
growth and providing new services has been to reduce the 
cost of a unit length of circuit on the more heavily developed 
routes while providing facilities of larger capabilities, adapt- 
able for new services. 

There is no sign of an end to development. Methods of 
doubling the capacity of coaxials and greatly expanding the 
capacity of cables on short-haul routes by new carrier tech- 
niques are but two illustrations of new tools in prospect to 
add to the wide field of choice in building a network to pro- 
vide the best service at the least cost, wherever it is found to 
be needed. 

To harness these developments to the service of a rapidly 
growing region has required a large amount of capital 
This process must continue if the communication art is to 
keep pace with the needs of its customers and only by such 
technological strides as those described can these needs be 
met economically. 
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A Thermal Converter for Telemetering 


W. C. DOWNING, JR. 
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THERMAL CONVERTER, used as a primary element 
in the telemetering or totalizing of large power loads, 
is a measuring instrument which generates a direct voltage 
accurately proportional to the power of the a-c circuit meas- 
ured. The output voltages of two or more converters may 
be connected in series and the algebraic sum of the loads so 
totalized may be recorded or indicated, remotely if de- 
sired, by a potentiometer. In principle, the thermal con- 
verter comprises an a-c circuit such that the difference in 
power generated in two heaters is proportional to the 
measured load; and the temperature difference thus 
produced is measured by thermocouples. In addition 
to power the thermal converter may be adapted to meas- 
ure reactive power, power factor, current, or voltage. 

A new type of thermal converter has been developed to 
obtain the relatively higher speed and efficiency available 
through direct contact between heaters and thermocouples 
without introducing into the thermocouple circuit alternat- 
ing voltages which subsequently must be eliminated. This 
is accomplished by isolating each heater, except for its one 
point of contact with a thermocouple junction. 

The principle employed is illustrated in Figure 1, which is 
simplified to show only one thermocouple and two heaters of 
equal resistance, R. Each heater is supplied from isolated 
secondary windings on a potential transformer and on a 
current transformer which are connected in series; the 
polarity of the connection between these windings is oppo- 
site in the two cases. Due to the effect of line voltage 
alone a current component ¢/2R circulates through each 
heater; due to line current alone a current component 
1/2 flows through each heater. These current components 
add, in one heater, to give current (¢/2R+i/2), and in the 


other heater subtract to give current (¢/2R—i/2). If pi 
and 2 represent instantaneous power in each heater, 

bi = (¢/2R+i/2)?R = (e/2R)?R+ei/2+ (i/2)?R (1) 
a= (e/2R—i/2)2R = (e/2R)*R—ei/2+(i/2)*R (2) 
Ap=fi-—fr=et (3) 


The average difference of power to the two heaters, where 
E and I are rms values of voltage and current and @ is the 
phase angle between them, is 


AP=El cos 0 (4) 


The output voltage of a thermocouple measuring the tem- 
perature difference between these heaters is thus a function 
of the power to the load which is being measured. 

In actual construction, each thermocouple of Figure 1 
consists of a pair of opposing thermocouples, each with a 
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Figure 1. Basic thermal converter circuit 

‘“‘hot junction” at a heater and the “cold junctions”’ all at a 
common reference temperature. Six such thermocouple 
pairs are employed in a single-element converter and the 
potential and current transformers each, accordingly, have 
12 isolated secondary windings to supply the 12 heaters. 

A linear relation between the power input to each heater 
and the voltage from its associated thermocouple is obtained 
through the use of two metals of opposite temperature 
coefficient of thermal conductivity in the construction of the 
heaters and thermocouples. Proper proportioning of the 
heat flow between the two materials results in a tempera- 
ture rise versus power input relation which balances the 
tendency of the thermoelectric power to vary as a function 
of the temperature. 

If the assumptions of equal resistances and of equal 
“efficiency” of each heater in raising the couple junction 
temperature, made in deriving equation 4, are not accu- 
rately met, equation 4 may be shown to include error terms 
proportional to E? and to J’. In order to permit accurate 
adjustment under all conditions additional thermocouples, 
heated proportionally to E? or J?, are employed and an ad- 
justable portion of the voltages so generated introduced in 
series with the main output circuit. 

Continuous adjustment of output ratio, from zero to 
maximum, is provided by a potential divider across one 
pair of main output couples and by a selector link which 
permits removal of one or more pairs of couples from the 
output circuit. 

In output ratio, speed of response, and freedom from a-c 
component, this new converter represents a compromise be 
tween the characteristics of existing converter types. Early 
tests indicate that its accuracy under all conditions equals or 
exceeds that of existing converters. The design is, in 
general, adaptable to the measurement of any type of cir- 
cuit of commercial voltage, current, and frequency rating. 
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‘Multiplex’? Scheme in Urban Distribution 


M. MORTARA 


MEMBER AIEE 


HE ELECTRIC DISTRIBUTION SYSTEM of the 

the Consolidated Gas Electric Light and Power Com- 
pany of Baltimore extends over 2,269 square miles in the 
State of Maryland with a population of 1,400,000. Ap- 
proximately 70 per cent of this population is in the city of 
Baltimore, which covers an area of about 73 square miles, 
and the bulk of electric load is concentrated within the 
territory of the city and immediate suburbs. Service for 
residential and commercial use is provided there by a 4-kv 
radial distribution system, with feeders generally under- 
ground. Only the most heavily loaded business section is 
served by a secondary a-c network and a d-c network which 
is being gradually changed over to alternating current. In 
this area, at the end of the war, the ratio between peak load 
and installed transformer capacity had reached the limits 
which should not be exceeded to assure firm power supply 
at all locations. ‘Temporary provisions, like the use of 
portable fans during emergencies, were put into effect, but 
the need for new facilities became urgent and a decision had 
to be made as to the best method for expansion. 

As a result of previous studies, it was concluded that the 
4-kv radial distribution offered the best method for expan- 
sion and that new substations should be installed in the 
peripheral areas of the city, rather than add new capacity 
at present sites. 

A survey was made of modern trends in the design of simi- 
lar substations and of the equipment available, with par- 
ticular attention to factory-assembled metal-clad switch- 
gear. Proposals were obtained from manufacturers for 
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Figure 1. Principle of the “Multiplex” scheme 


Identical “units,” of which one is circled by broken line, are connected as a ring, 
with tie circuit breakers B normally open 
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various schemes and layouts and, following a careful com- 
parison of costs and operating features, it was decided to 
adopt for the proposed substations a new scheme, desig- 
nated as ‘‘multiplex,’’ which was suggested by the engi- 
neering department of the company. 

This scheme, using the “‘building block” principle, was 
examined for all basic requirements for urban service, with 
a minimum of equipment. As shown by Figure 1, the 
building block ‘unit,’ of which one is circled by broken line, 
consists of a transformer and an assembly of switchgear 
elements comprising two feeder circuit breakers (A) with 
their respective potheads, and one tie circuit breaker (B). 
All ‘‘units”’ are identical and are connected as a ring, with 
the tie circuit breakers normally open, so that each pair of 
feeders is supplied by its own transformer independently 
from other ‘‘units.” 

To assure continuity of service in the event of failure of a 
transformer or of its high voltage supply, adequate relaying 
is provided to cause the following sequence of operations: 
the transformer (for instance, J on Figure 1) is de-energized; 
its two feeder circuit breakers (2 and 3) open; immediately 
thereafter, the two contiguous tie circuit breakers (7 and 4) 
close. The feeders which were supplied by transformer J, 
will thus be automatically transferred to the adjacent trans- 
formers II and J/J, with only a momentary outage. 

In relation to the load densities expected to exist within 
the next ten years in the territory served by the new sub- 
stations, an average peak load capacity of 1,500 kva was 
considered adequate for the 4-kv feeders. This, in turn, 
determined the ratings of transformers, switchgear, and 
subtransmission lines. The transformers must be capable 
of carrying three feeders and the standard rating of 3,750 
kva has been selected. Indoor metal-clad switchgear, 
with 600-ampere air circuit breakers of 100,000 kva inter- 
rupting capacity, is used at all city substations. 

Each distribution area is supplied by a group of five 
underground high-voltage cables either 13-kv or 33-kv, with 
capability of 30,000 kva and 60,000 kva respectively. 
Generally, two or three substations, with various capacity 
allocations, are arranged on each group of high-voltage 
cables. The total capacity could as well be installed at a 
single substation, and this requisite of flexibility constitutes 
one of the desirable features of the “multiplex”? scheme. 
The actual load growth in any area may differ from the 
assumptions made at the time a new supply is initiated, and 
a change in the number of substations originally planned 
may become economical. Seven substations of this type, 
are being installed in the Baltimore city area. 
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Industrial Electronic Problems for 
Engineering Education 
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VERY conscientious 

teacher considers it his 
primary duty to prepare his 
students as effectively as it is 
possible within the time limit 
provided for his lectures for 
the moment when they face 
the problems encountered in 
their profession. The opin- 
ion of different teachers may 
vary on the methods of best reaching this goal, but there 
hardly can be any disagreement on the goal itself. Fun- 
damentally, the differences in opinion of how to reach it 
can best be stated by simply presenting the two extreme 
views pertaining to this matter: Is it better to spend the 
available time in skipping over the whole field and giving 
the student a smattering of everything in it, or is it wiser to 
concentrate on a few fundamentals of the field and to «ry 
to give the students as thorough an understanding of them 
as possible? The nature of the problems selected by a 
teacher for home and classroom work will greatly depend 
upon his view in this matter. 

The old proverb, ‘‘Easy come, easy go,’”? expressed the 
thought that nothing really becomes one’s property, unless 
it has been acquired the hard way, that is, by hard work. 
The proverb is of course usually quoted with reference to 
material possessions, but it applies equally well to abstract 
things such as knowledge. Unfortunately, altogether too 
many students feel that attendance at the lectures is suffi- 
cient to acquire knowledge on the subject. Ofcourse, noth- 
ing could be further from the truth. Only by the process 
of diligently working out the problems given in the class- 
room or for homework, will a student succeed in making the 
material his mental property. As soon as the truth of this 
is recognized by both the teacher and students, the selection 
of proper problems to illustrate the subject of the lecture 
assumes a much greater importance than is usually ac- 
corded it. 

Naturally, a teacher will try to work out problems which, 
at least in his own opinion, will come as close as possible 
to the problems encountered in practice. Unfortunately, 
there are many and good reasons why such an attempt 
is not always successful. First, a teacher is sometimes cor- 
rect in not even wanting his problem to be of the practical 
kind; quite often an artificially created problem, not liable 
to be met in actual practice, serves extremely well in driving 
Essentially full text of a conference paper, “Industrial Electronic Problems for Engi- 
neering Education,” presented at a Session on Problems and Thesis Subjects From 
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A teacher can make his lectures immeasurably 
more valuable to his students if he will but take 
the time necessary to prepare carefully a 
number of problems illustrating the use of the 
material presented in the lectures. In addition, 
at the same time he should insist that the 
students, in turn, take the time necessary to 
work these problems out. 
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home a given point. (A 
little further in this article a 
problem of this kind is pre- 
sented.) Second, the instruc- 
tor may not have had indus- 
trial experience, and for this 
reason might find it difficult, 
if not impossible, to think up 
problems such as enountered 
in practice. ‘Third, the task 
of correcting the homework may, to a certain degree, limit 
the teacher in the choice of problems. The last statement 
may require a little elucidation. In actual practice an 
industrial electronic engineer may be faced with the task of 
designing a photoelectric relay which will operate from the 
light of a 60-watt Mazda lamp six feet away. Stated in 
this way, the problem is capable of an almost infinite 
variety of solutions. The engineer’s superior certainly will 
not tell him what type of circuit, type of tube, or relay he 
should use, because to make that decision is exactly why the 
engineer was hired. If a teacher would present problems 
permitting such latitude in the solution, he would have a 
number of solutions, each of which he would have to check 
very carefully. There can hardly be a doubt that such a 
procedure would give the student an amount of self-reliance 
and confidence in his judgment not equalled by any other 
method of approach. But it is also easily seen that such a 
method is entirely out of the question with a class consisting 
of more than a handful of students. Even with only half a 
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Figure 1. Problem 


In the circuit shown, a 
type-2A3 tube is oper- 
rated from a 250-volt 
d-c supply with a 
500-ohm resistor as 
plate load 

What two values e e| 
and e2 of grid voltage 
are necessary to pro- 
duce plate currents of 
5 milliamperes and of 
50 milliamperes? 
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Figure 2. Problem 


A relay with a 500- 
ohm coil is operated in 
the plate circuit of a 
type-2A3 tube; the d-c 
supply is 250 volts. 
The relay pulls in 
with  50-milliampere 
coil current and drops 
out with 5 milli- 
amperes. Operation 
of the relay is to be 
made a function of the 
position of a shaft S, 
to which is connected 
the movable arm of 
potentiometer P, carry- 
ing a linear winding 
for 270 degrees of its 
circumference 

With 100 volts applied 
to the potentiometer, at 
what angular  posi- 
tions of the arm will 
the relay pull in and 
drop out? 


LOAD 
CIRCUIT 


100 VOLT 


dozen students, the correction of the problems, if they were 
given in the manner just described, would make very severe 
demands on the time of the teacher. With a reasonably 
large class he has no other choice, much as he may regret 
it, than to specify the type of circuit, the tube to use, and so 
on, so that the correction of the problems practically comes 
down to checking the figures given in the answer. 

Another factor which should not be overlooked in the 
preparation of problems, for industrial electronics or other- 
wise, is the simple psychological fact that it is easier to arouse 
interest in the problem of finding the sum of three apples 
and four apples, than in finding the sum of the two figures, 
3 and 4. The failure to make use of this fact is a fault 
found perhaps most often in books on mathematics, because 
mathematicians appear to consider it a prostitution of their 
science if it is applied to anything practical. In industrial 
electronics, we might ask what grid voltage would be neces- 
sary on a type-2A3 tube in order to change the current in a 
500-ohm load connected into the plate circuit of the tube, 
and supplied from 250 volts, from 10 to 60 milliamperes. 
The formulation of the problem in this manner is more or 
less equivalent to asking for the sum of 3 and 4. However, 
if we make the 500-ohm load the coil of a relay, and the two 
current values the “‘pull-in”’ and the ‘“‘drop-out”’ values for 
the relay, and if we furthermore associate the grid voltage 
change with the action of some concrete device, such as the 
motion of an arm along a slide wire, the student will 
immediately realize that he may, in practice, very easily 
run into a situation where the solution of this problem may 
be of personal and practical value to him; his interest will 
consequently be aroused to a considerably higher degree, 
and he may actually enjoy solving the problem. Figures 
1 and 2 show the problem “‘dressed up” in these two dif- 
ferent ways. 

Figure 3 shows a problem of the type mentioned earlier 
in this discussion, one that is of perhaps almost zero practi- 
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cal value, but the solution of which will require some pretty 
straight thinking, and which will drive home some rather 
important facts decidedly worth-while to know. The 
problem deals with that perennial of electronic problems, the 
half-wave rectifier. Few, indeed, are the applications of 
half-wave rectifiers in practice, but nothing explains the 
fundamental principles of rectification better than a thor- 
ough study of half-wave circuits. In this circuit, which an 
engineer in the laboratory of the Cutler-Hammer Company 
came across quite accidentally, a source of alternating cur- 
rent feeds a resistive load, such as a Mazda lamp, over a 
half-wave rectifier. If the source of alternating current is, 
for instance, 110 volt, and the lamp is also rated at 110 
volts, the lamp will of course burn with considerably 
reduced brightness, and the d-c meter connected in series 
with the lamp will indicate the average current through the 
lamp. 

An inductance is now connected parallel to the lamp, as 
shown. The inductance is supposed to be of low value, 
perhaps 0.1 henry, and is assumed to have negligible resist- 
ance. ‘The problem is to predict what will happen to the 
current in the branch containing the lamp, that is, if any- 
thing does happen, and if so, to explain why it does take 
place. The drop in the rectifier in the forward direction is 
assumed as negligible, whereas the resistance in the opposite 
direction is assumed to be infinite. In order to leave no 
illusion about the fact that there is more behind the problem 
than meets the eye, the answer to the first question is given 
herewith: The reading of the meter in series with the lamp 
will drop, but the brilliancy of the lamp will increase. If 
this sounds unbelievable, a setup of the circuit in the 
laboratory is suggested. ‘The answer to the second question, 
that is, the explanation of this phenomenon, is left to the 
reader. 

But it would take a genius indeed to think up problems of 
the kind just presented;. one discovers such problems now 
and then by the intervention of a kind fate, and not through 
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Figure 3. 


In the circuit shown, an a-c source of 110 volts, 60 cycles per second, is connected 
to a series combination of a half-wave rectifier, a d-c meter, and a 110-volt lamp. 
An inductance L of about 0.25 henry can be connected parallel to the lamp, by 
closing switch S. Before switch S is closed the meter will read a certain 
amount and the lamp will burn with a certain brightness 


7. Do you think that closure of switch S will have any effect on the conditions 
tn the lamp branch? 


2. State your reasons for whatever answer you give to the foregoing question 
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Figure 4. Problem 


In the circuit shown the two phototubes (characteristics assumed to be identical) 
both receive a light flux of 0.5 lumen. Under this condition the meter M 
(2 milliamperes full scale, zero-center, 50 ohms resistance) is to read zero 


1. Are the two phototubes placed correctly or should they be interchanged? 


2. To what value of potential must point A be adjusted to make M read zero? 
(Use data sheet for 6SF5) 


3. If each triode section of the 6S.N7 is to carry six milliamperes under balanced 
conditions, how large must r, be made? 

4. By how many per cent must the light falling on one phototube change from 
the specified value of 0.5 lumen, to make the meter read full scale? 


5. Why should the 6F5 cathode follower stage be operated with reduced 
filament voltage? 


one’s own efforts. For the majority of problems we are 
forced either to create them out of thin air as well as we can, 
or to modify an actual problem encountered in our work 
for this purpose. But why modify the problem? If at all 
possible, a problem ought to illustrate as many points as 
possible, and this usually can be accomplished only by 
modifying some practical problem. If a problem of 
reasonable practicability can be made to show, for instance, 
the combination of a photoelectric circuit, a cathode fol- 
lower, and a balanced phase inversion circuit, the student 
will not only acquire familiarity in working out individual 
components, but will also see, how and for what purpose 
they will be combined. Such an example is shown in 
Figure 4, which incidentally represents a circuit actually 
used for the observation of small differences of turbidity in 
two sample solutions. While this is a problem presented in 
connection with the lectures on photoelectric cells, whereas 
the student at that point in the course has already solved 
some problems dealing with cathode followers and phase 
inversion circuits, the combination of the new subject, that 
is, photocells, with the components he is already familiar 
with, not only fortifies his knowledge of the latter, but will 
show him how these components can be put to practical 
use. A student working diligently and conscientiously on 
this problem, giving an answer to each of the questions, 
cannot help obtain a respectable knowledge of the subject. 


Coal Gas Obtained 


Fuel gases from coal as it lies underground in its natural 
seams has been successfully obtained by sending an electric 
current through the coal, Sczence News Letter reported in its 
issue of October 15, 1949. This accomplishment was made 
by the University of Missouri in co-operation with the 
Sinclair Coal Company near Hume, Mo. 

As described by Dr. J. D. Forrester, chairman of the 
university’s mining department, the process consists of 
making drill holes from the surface into a seam of coal lying 
below. Iron pipes are inserted into the holes to serve as 
electrodes. Connected with the electrodes is a series of 
pipes a few feet above ground through which the gas flows 
when it is generated. 

A current of considerable voltage, controlled by a water 
rheostat, is sent down through the electrodes into the seam. 
[n the process of passing through the coal and overcoming 
its electrical resistance, the coal is heated and begins to give 
off oil-saturated gas. This gas comes to the surface through 
the pipes that serve as electrodes. These pipes are 20 to 40 
feet apart. 

After the coal bed becomes sufficiently heated so that it 
will burn and yield other gases, the electric current is 
stopped and air or oxygen is pumped into the coked and 
porous coal seam to sustain further combustion. ‘This con- 
tinues the supply of gases from the actual gasification of the 
underground coal. 
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by Electric Burning 


The gases produced by this so-called electrocarbonization 
process can be used as raw material from which to make 
synthetic gasoline, or can be converted into a heating fuel. 
The gas produced is similar to the coke furnace gas of sur- 
face plants. Field tests were preceded by laboratory 
experimentation during which it was proved that coal can 
be turned into gas by an electric current. Both laboratory 
and field work was done by Erich Sarapuu, a research fellow 
of the University of Missouri’s School of Mines and Metal- 
lurgy. 

Several test runs on coal layers have been made during 
the past year. Some oil-tar has been collected at Hume 
along with the gas. In addition, laboratory investigation 
with oil-sand has resulted in the production of crude oil, as 
well as gas. 

Fuel gases from underground coal are being obtained 
by the United States Bureau of Mines in experimental] 
work at Gorgas, Ala., in a joint project with the Alabama 
Power Company. No electric current is used, however, in 
the gasification process. Underground burning is em- 
ployed. 

Two holes are sunk into the coal seam, and fire started in 
one by use of an incendiary bomb. Air under pressure is 
forced in to feed and spread the fire, and the gases of com- 
bustion are driven by the same air pressure to the second 
hole from the top of which they are captured. 
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A New Expanded Scale A-C Voltmeter 


NIPeM PDA 


ASSOCIATE AIEE 


N MANY POWER SYSTEM voltage measurements the 
measurement problem consists of detecting and indicat- 
ing accurately a variation of plus or minus one volt or less 
from a given reference voltage. The use of the conven- 
tional zero-left, a-c, moving-iron, or electrodynamic volt- 
meter does not provide enough of a deflection to read with 
any degree of certainty, since, for example, a one volt 
variation from 120 volts on a 250-degree-scale concentric- 
type switchboard voltmeter represents approximately 3/64 
inch of arc. There is then a need for an expanded scale 
voltmeter that produces a scale length per volt within the 
range of normal voltage variation of at least four times 
that of the conventional voltmeter. 
Two general engineering approaches that have been 
used in the development of expanded scale voltmeters are 


(a). A modification of the basic instrument mechanism. 


(6). The use of standard mechanisms with impedance networks, the 
outputs of which vary as some function of the voltage to be measured. 


A simple example of a modification of the basic instru- 
ment mechanism is the suppressed zero a-c voltmeter. A 
few of the major reasons why this method of scale expansion 
has proved unsatisfactory are 


(a). Loss of natural zero setting. 


(6). Sluggish pointer action within the expanded scale region due 
to low torque gradient. 


(c). Need for frequent calibration checks with a carefully controlled 
voltage reference. 


There are many examples of expanded scale voltmeters 
which function in response to the variation of an impedance 
in some kind of a network, but one of the chief disadvan- 
tages that characterizes this type of device is component 
stability. Also, many require an auxiliary source of power 
for operation which complicates design and increases cost. 

The most practical solution to the scale expansion prob- 
lem now available is the use of an iron-core saturable reactor 
in combination with an instrument of the electrodynamic 
type. Of all the known types of nonlinear circuit compo- 
nents, the iron-core reactor gives the most stable and repro- 
ducible performance characteristics. If a voltage is ap- 
plied across such a reactor, the exciting current will vary in a 
nonlinear fashion with the voltage. Any suitable a-c 
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Figure 1. 


Schematic diagram of expanded scale voltmeter 
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milliammeter connected in series with this reactor to meas- 
ure the exciting current could have its scale calibrated in 
terms of volts. ‘The scale distribution then would corre- 
spond to the nonlinear variation of the exciting current. 

In a practical design of an expanded scale voltmeter the 
nonlinear current of the reactor has been used to energize 
the moving coil of a standard electrodynamic wattmeter 
mechanism. Both the field and moving-coil circuits are 
connected in parallel to the voltage source to be measured. 
The primary reasons for using the wattmeter mechanism 
instead of the a-c milliammeter are to keep the instrument 
volt-ampere burden comparable to standard voltmeter 
burdens, and make it easier to apply a resistance-capacitance 
network for frequency compensation of the reactor. 

The successful application of a saturating core reactor 
to a standard electrodynamic wattmeter mechanism has 
resulted in a new design of an expanded-scale voltmeter 
with improved reliability and an accuracy of one-half per 
cent of full scale rating. One-half-volt variations can be 
detected and read easily in the expanded region from 90 to 
130 volts where 130 volts represents full scale. Frequency 
error is compensated to within plus or minus one-fourth per 
cent of full scale per cycle from 105 to 130 volts and over a 
plus or minus five cycle variation from a reference fre- 
quency of 60 cycles. The error due to wave-form is less 
than one per cent of full scale when the voltage source con- 
tains both third and fifth harmonics of five per cent each. 


Digest of paper 49-161, ““A New Expanded Scale A-C Voltmeter,’ recommended by 
the AIEE Committee on Instruments and Measurements and approved by the AIEE 
Technical Program Committee for presentation at the AIEE Summer General Meeting, 


Swampscott, Mass., June 20-24, 1949. Scheduled for publication in AIEE Transactions, 
volume 68, 1949. 


N. P. Millar is with General Electric Company, West Lynn, Mass. 
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Power Supplies for Coaxial Systems 


H. H. SPENCER 


YPE “L” BROAD-BAND carrier telephone systems 

over coaxial cables require repeaters spaced every 
eight miles or less along the cables. The large number of 
repeaters involved makes it desirable to transmit 60-cycle 
power from main and terminal stations to auxiliary repeat- 
ers over the same coaxials as used for carrier transmission. 
The power circuit shown in Figure 1 for a typical span of 
about 100 miles between adjacent power sending stations 
involves primaries of powerpacks at each repeater arranged 
in series with the inner conductors of the coaxials to form a 
series loop from each sending station. Power separation 
filters at each repeater separate the carrier frequencies for 
amplification and return to the coaxials without affecting 
or being affected by the power circuit. The power packs 
are individually adjusted to give proper filament and plate 
power based on a constant current system with a line current 
of approximately 500 milliamperes. This current is regu- 
lated at the sending end by means of an automatically-con- 
trolled motor-driven variable transformer which raises and 
lowers the voltage as required to compensate for changés in 
line impedance with temperature or for variations in the 
power source voltage. Automatic regulation provides pro- 
tection against overload such as might occur if a coaxial 
should open or become short-circuited. Where the over- 
load is insufficient to blow the supply fusing, the controls 
reduce the line current to normal by dropping the voltage 
to the necessary value. Where the short circuit is near 
enough to the main station to blow a supply fuse, the con- 
trol circuit functions to turn the variable transformer to 
minimum voltage so that replacement of the blown fuse 
cannot cause a line current surge. 

The 230-volt a-c supply for the coaxial power circuit is 
provided from continuously-operated alternators rather 
than direct from the commercial service to reduce the effect 
on carrier transmission caused by power service fluctua- 
tions and outages. The alternators are self-excited and 
driven normally by induction motors from the commercial 
service and during emergencies by d-c motors from the 
station 130-volt battery. With stable power supply fre- 
quency, induction motor speeds are practically constant, 
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and as the sets are self-excited and the loads practically con- 
stant, the alternator output voltage is normally held within 
close limits and is affected very little by commercial power 
voltage variations. 

The d-c motor is connected to battery whenever the 
alternator is operating but is kept from supplying any ap- 
preciable power while the a-c motor is driving by the inser- 
tion of a current limiting resistance in its armature circuit. 
The field of the motor is connected to the battery side of 
this resistance and the setting of the field resistance is such 
that the cross electromotive force across the armature is 
practically equal to the battery voltage. Accordingly, 
when fast acting relays short-circuit the resistance in the 
armature circuit to cause the d-c motor to take over the 
drive, there is little or no inrush of armature current and 
therefore little change in alternator output. The d-c 
motor speed is unregulated and varies with the battery volt- 
age. As the battery is held within close limits to meet sta- 
tion load requirements, the alternator output during emer- 
gency operation is within a range for which the power con- 
trol circuits can maintain regulated coaxial cable current. 

Alternators are usually furnished on the basis of one 
alternator per pair of coaxials. Sets rated at 1.5 or 2.5 kva 
are usually used with a maximum of five in a station feeding 
power in two directions, one for each pair of coaxials in an 
eight coaxial cable plus a common standby emergency 
alternator arranged to replace automatically any regular 
alternator in trouble. 

These power supplies are completely automatic for use in 
remote unattended stations, and because of this, they include 
alarms which are transmitted to an attended station to indi- 
cate abnormal conditions. Alarms are given if the coaxial 
current exceeds its normal limits, if drive is transferred to 
the d-c motor, if alternators fail along with other power 
plant alarms such as low battery voltage, or battery fuse 
failure. Engine alternator standby for the commercial 
service is generally furnished and in unattended stations the 
engine sets are automatically started and controlled. 


Digest of paper 49-156, “‘Power Supplies for Coaxial Systems,” recommended by the 
AIEE Committee on Communication and approved by the AIEE Technical Program 
Committee for presentation at the AIEE Summer General Meeting, Swampscott, Mass., 
June 20-24, 1949. Scheduled for publication in AIEE Transactions, volume 68, 1949. 


H. H. Spencer is with the Bell Telephone Laboratories, Inc., New York, N. Y. 
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Response of Thermal Demand Meters 


J. S. NELSON 


MEMBER AIEE 


HE TIME OF RESPONSE of demand meters is of 

critical importance wherever a demand charge is made 
for electricity. In demand meters of the mechanical 
block-interval type the demand interval is usually governed 
by a gear train and resetting mechanism connected with 
some synchronous device, such as a clock motor, and re- 
sponse time presents no special problems in design. The 
response time of thermal meters depends upon less easily 
evaluated constants and coefficients. ‘This article examines 
these factors and presents equations from which the time of 
response may be calculated. 

Specifically, these equations pertain to a thermal meter 
designed with opposed, self-heated, bimetallic spirals co- 
nected by ashaft. The effect of relative heat flow from the 
two opposing bimetallic actuators upon the time constant 
of a thermal demand meter is explored. To accomplish 
this, the time equation for a device responding to the dif- 
ference in temperature of two similar bodies connected by a 
thermal shunt and each supplied with constant heat input 
is derived for the general case wherein the heat flow from 
one of the bodies is not equal to that from the other, that is, a 
heat flow ratio other than unity. 

This approach has yielded valuable information per- 
taining to the effect of differential heat escape upon response 
time. By making use of these equations, a linear-scale 
meter (for watt demand) and a square-law scale meter 
(volt-ampere demand) have been designed for the same re- 
sponse time to meet the same meter code requirement with- 
out the necessity for different designs of bimetallic spirals. 
The significance of this becomes clear when it is recalled 
that response time is defined 
in the Code for Electricity 
Meters as time to reach 90 
percent of ultimate indica- 
tion (in watts or volt-am- 
peres). Hence, if two meters 
having different scale distri- 
bution are to meet the same 
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code requirements, their physical response times, in 
terms of angular deflection, must differ correspondingly. 

It is hoped that these equations may find application also 
to the design of integrating or indicating instruments 
employing thermal storage such as /*7 indicators for weld- 
ing energy, small panel instruments of the bimetallic spiral 
variety, and differential thermometers composed of pairs of 
resistance-temperature detectors, bourdon tubes, thermo- 
couples, or bimetallic actuators. 

The following pair of equations is set up for the condition 
of initial equilibrium of the thermal unit, with pointer 
indicating zero, and with ambient temperature constant: 


Aydt— Q(0,—6.)dt =< hi (00 +6,)dt+Mde, 
Hodt+ Q(A —O_)dt = he (O9+02)dt-+ Md6. 


In these equations, H denotes heat input; Q, the thermal 
transfer coefficient of the shaft; 0, temperature increment of 
a spiral; 6, initial temperature above ambient temperature: 
h, thermal conductance from a spiral to ambient; and M, 
thermal capacity of each spiral. The subscripts denote 
values pertaining to spirals number one and number two, 
respectively. 
The solution of these equations is given as 


W=ae™+Bel'+y7, 


wherein W, the difference in temperature between spirals, 
and ¢, time, are the only variables. The constant, y, is 
evaluated as the ultimate temperature difference and the 
constants a, B, x, and y represent combination of the pri- 
mary design constants h, H, Q, and M. ‘These constants 
are evaluated and curves are presented showing the effec 
upon performance of varying the design parameter ho//,. 

Four categories of heat-escape ratio are of interest; they 
are as follows: 


Unity ratio: A simple logarithmic curve of temperature difference 
with time results. 


Small ratio: | Temperature difference will lessen or reverse with time 


Large ratio: Response time is increased, but time constant is rendered 
complex. 


Ratio slightly larger than unity: | Response time may be controlled with 
the least effect upon other characteristics. 


The use of the equations presented, permitting the 
intelligent variation of the appropriate design constants, 
should result in the saving of much experimental, develop- 
ment, and testing time in the solution of related thermal 
problems, particularly in cases where it is desired to adapt 
one basic assembly to different times of response. 


Digest of paper 49-160, ‘““Heat Flow Ratio as a Design Parameter in Thermal Demand 
Meters,” recommended by the AIEE Committee on Instruments and Measurements 
and approved by the AIEE Technical Program Committee for presentation at the AIEE 
Summer General Meeting, Swampscott, Mass., June 20-24, 1949. Scheduled for 
publication in AIEE Transactions, volume 68, 1949. 


J. S. Nelson is with General Electric Company, West Lynn, Mass. 
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HILE it is well known 

that the electrical con- 
ductivity of metals decreases 
with increasing temperature, 
there isa number of metallic- 
looking substances which 
show an entirely different 
behavior. These substances 
show low conductivity at low 
temperature, the conductivity increases as the temperature 
is raised, reaches a maximum, decreases again, and finally 
increases another time and much more sharply when a 
higher temperature is reached. 

This behavior can be completely understood on the 
assumption that the number of current carriers in these 
substances is dependent on temperature. These materials 
are called, because of their behavior, semiconductors. '—* 

At low temperatures, the number of carriers is small; 
ideally it should be zero at absolute zero and the semicen- 
ductor would become an insulator. As the temperature 
increases, a greater number of carriers becomes available 
by dissociation from impurity centers and the conductivity 
increases. When all of the carriers from impurity centers 
have been released, their number remains constant until 
new carriers are released from another source at higher 
temperature. In the meantime with increasing tempera- 
ture the probability of collision with the atoms present in 
the lattice of the semiconductor becomes more frequent, 
the mean free path decreases, and as a consequence the 
resistance increases with temperature rise. There is, 
however, the possibility that at higher temperatures more 
electrons might be freed from the semiconductor itself and 


*The importance of the “‘holes,’”’ their origin and behavior, are discussed in greater 
detail in the article on transistors. 


** Under the action of a magnetic field, electrons or holes are deflected transversely ; 
this deflection continues until a transverse electromctive force is produced such that 
the electric field Ey just compensates for the action of the magnetic field. From then 
on, the carriers flow as if no magnetic field existed. This means that, as soon as a steady 
itate has been reached, the total transverse force on a carrier is zero. This condition 
can be written simply as: e[Ey+(vzHz)/c] =0, where vz is the velocity of the carrier 
in the direction of current flow. But vg=pzEz, where Ez represents applied electric 
field and yz mobility (see footnote ++). Due to Ohm’s law, electric field and current 
density are connected by iz =@£Ez, where g is the conductivity. Hence the first equation 
may be rewritten: 


Ey = — (27H) /¢= — (ugEzHz) /¢= — (ugizHz) / (ac) = — (igHz) / (nec) 


since ¢=nep, where n is the number of carriers per unit volume. The Hall constant 
Rq is defined as Ey/(izHz), that is, electric field normal to the current flow per unit 
magnetic field and per unit current density; hence Ry= +1/(nec), with the + used 
for hole conductors and — for electron conductors. Therefore 1/Ry is a direct measure 
of the number of carriers produced. For semiconductors 1/(nec) must be multiplied 
by a factor 37/8 due to the Maxwell distribution of carrier velocities; hence n=7.37 X 
104/RyA. 


A compilation based upon the following three papers presented at section A of the 
Symposium on Electrical Properties of Semiconductors and the Transistor held during 
the AIEE Summer General Meeting in Swampscott, Mass., June 20-24, 1949: ‘The 
Conductivity of Silicon and Germanium as Affected by Chemically Introduced Im- 
purities,’ G. L. Pearson, Bell Telephone Laboratories, Inc.; ‘‘Nucleon-Bombarded 
Semiconductors,” K. Lark-Horovitz, Purdue University, Lafayette, Ind., and session 
chairman; ‘“The Control of the Conductivity of Oxide Semiconductors by Admixture 
of Other Oxides,” N. C. Jamison, Phillips Laboratories. 


* See Electrical Engineering for October 1949, pages 865-72, and for November 1949, 
pages 937-42. 
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This article is a summary of the material on the 
nature of the conductivity in semiconductors 
presented at the AIEE Summer General Meet- 
ing in a Symposium ‘on Electrical Properties 
of Semiconductors and the Transistor. 
articles in the series covered rectification and 
photoeffects in semiconductors.* 


Conductivity in Semiconductors 


not from impurities. These 
so-called intrinsic electrons 
are available in far greater 
numbers than the total num- 
ber of carriers which are freed 
from impurity centers (one 
per impurity center) and as 
a consequence the resistance 
at elevated temperatures de- 
creases very rapidly (Figure 1). Itis possible that one might 
find electron acceptors, instead of donators, in the semi- 
conductor. ‘These acceptor impurities have the peculiar 
quality, not of giving off electrons with rising temperature, 
but of taking up electrons. As a consequence, there remains 
a “hole’’* in the electron distribution. This “hole” has the 
properties of a “positive”? electron and an effective mass 
which may differ from the mass of the free electron. Thus, 
it is possible to create a conductor of electricity which con- 
ducts by particles which behave as free electrons, except that 
their effective mass may differ from the mass of the electron 
and that their charge is opposite in sign. Such a conductor 
seems to conduct by positive charges. 

Silicon and germanium are elements of the fourth group 
of the periodic table with the same crystal structure as 
diamond and they have, respectively, 5.2 K 10? and 4.5 
X 1022 atoms per cubic centimeter. It has been found that 
the addition of impurity elements of the third group, such 
as boron, aluminum, gallium, and indium, give defect or 
P-type (hole) conductivity. Additions of impurity elements 
from the fifth group, such as nitrogen, phosphorus, anti- 
mony, and arsenic, give excess or N-type (electron) con- 
ductivity.-° = 

It is possible to determine the sign of the carriers in vari- 
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Figure 1. Varia- 
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Figure 2. Dependence of resistivity at 300 degrees Kelvin upon 
the impurity content of silicon and germanium alloys 


ous ways. One method** is to measure the transverse 
electromotive force (V,) produced in a material if a current 
(I,) flows through the material and a magnetic field (H,) 
is applied normal to the direction of current flow (Hall 
effect). 

A second simple way of determining the sign of carriers 
is the determination of the sign of the thermoelectric power, 
and finally, a third method is by observation of the direction 
of rectification, which usually can be predicted from the sign 
of the Hall effect: a P-type semiconductor in contact with 
a metal electrode will have a current flow in the opposite 
direction from the one observed in an V-type or electron- 
carrying semiconductor.} 

It will be useful here to note the number of intrinsically 
available carriers in the elementary semiconductors and the 
following figures are given for comparison (all at room tem- 
peratures) : 


Si—10¥” per cubic centimeter 
Ge—10" per cubic centimeter 
Te—1016 per cubic centimeter 


The conductivity}{ at room temperature and below is 
due to carriers dissociated from impurity atoms which are 
present in the material either by design or accidentally. 
In general, any disturbance of the lattice will produce an 
additional source of scattering and therefore a decrease 
in conductivity. However, it is also possible, in the case 
of insulators and semiconductors where the intrinsic number 
of carriers is extremely small, that dissociation of carriers 
from impurity centers or lattice imperfections will produce 
a number of carriers large as compared to the number al- 
ready present; and in this case the conductivity, in spite of 
the additional scattering will increase rather than decrease. 


t The so-called inversion layers first discussed by Schottky and others which play such 
an important role in the transistor effects will be discussed in the transistor symposium. 


tt « =ney where n is the number of carriers, ¢ the electronic charge, and yu the mobility, 
the velocity per unit field EZ. (ma=eE; mat=cEt=mo, or 0o/E=p= sts Ua where | is 
m mo 


the mean free path and 9 the average thermal velocity.) 
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. at room temperature. 
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Both of these effects have to be taken into account to under- 
stand fully the behavior of semiconductors. At higher 
temperatures the number of carriers released from the 
energy states of the semiconductor itself will play the most 
important role, and these intrinsic carriers are always pro- 
duced in pairs, electrons (N-type) and holes (P-type). 
The number of carriers present at any temperature depends 
on the activation energy necessary to thermally excite 
carriers in the bound state (either impurity or intrinsic). 
It is therefore possible to write for the conductivity of any 
semiconductor the following equation: o = o (intrinsic) 
+ o (impurity). With the impurity content usually pres- 
ent, the first term is negligible as compared to the second 
For example, the intrinsic conduc- 
tivity of pure silicon at room temperature is 4 X 10—§ (ohm- 
centimeter) —! and the addition of one boron atom for each 
million silicon atoms increases this to 0.8 (ohm-centi- 
meter) —1, a factor of increase of 2 X 105% In germanium 
the intrinsic conductivity at room temperature is 1.67 X 
10-? (ohm-centimeter)~!. It is therefore possible to write 
for the conductivity of any semiconductor the following 
equation: o = o (intrinsic) + neu, where n is the number of 
carriers released by impurity atoms. Figure 2 shows the 
dependence of room temperature conductivity of silicon and 
germanium upon impurity content. 

The mean free path due to collison of the carriers with 
the lattice atoms is approximately proportional to 1/7, 


: Lopes el 
and since the mobility is given by — one would expect that 
mv 
the mobility due to lattice scattering is proportional to 
Lee, 


Although it usually has been assumed that lattice scatter- 
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ing is primarily responsible for the resistivity in semicon- 
ductors, detailed analysis of the results obtained in ger- 
manium and silicon show that this cannot be correct.!617 
It has been shown!4!8 that the resistivity of germanium 
alloys is due to two causes: 


1. Scattering of electrons or holes by the lattice; this produces a 
resistivity 


pt=DRyT¥* 


where D is an experimentally determined constant characteristic of 


ELECTRICAL ENGINEERING 


the semiconductors, Ry is the Hall coefficient of the alloy sample, and 
T is the absolute temperature in degrees Kelvin. 
2. Scattering by singly ionized impurity centers, giving a resistivity 


pr=A(kT)~*/? Inf{1+a(kT)2a?} 


where A and @ are constants characteristic of the semiconductor and 
d is one-half the distance between impurity centers, or about 1/2n~1/*, 
Because of its dependence on n, d is calculated from the Hall coeffi- 
cient, and so pz may be found by measuring Ry. In the derivation 
of this formula for impurity scattering it is assumed that: 


(a). Each impurity center releases one carrier and that the total 
number of impurity centers available can therefore be determined 
from the Hall curve. 


(6). The ratio of electron to hole mobility is constant as temperature 
changes; for both germanium and silicon it is found that pe/u,~3. 
The ratio of the effective mass of a hole to the electron mass is then 
mp,/me= (ue/un)?/* 1.6. 


(c). The dielectric constant of germanium is about 17 and of silicon 
about 13. 


Figure 3 shows that the theory just described can success- 
fully account!®!8 for the resistivity of a semiconducting 
sample throughout the impurity and intrinsic ranges. At 
very low temperatures quantum statistics must be taken 
into account and, with this extension, agreement between 
theory and experiment is retained.®!%,13 However, the 
presence of other scattering effects, such as those due to 
grain boundaries or the existence of lattice vacancies, is 
indicated, particularly if one wants to account quantita- 
tively for the resistivity of silicon samples or of tellurium 
samples. 

Quite recently it has been possible*.?! to grow single 
crystals of pure germanium and of germanium alloys, and 
in these crystals the effect of single grain boundaries can be 
studied and scattering due to polycrystalline grain bound- 
aries can be eliminated. By carryiug out electrical resis- 
tivity and Hall effect measurements on such samples (both 
N-type and P-type) at high temperatures for which lattice 
scattering predominates, it was found that electron and 
hole mobilities in germanium single crystals are given by 
the relation uy, = 1.5 uw, = 1.35 X 107 T—*% 2 square centi- 
meter per volt-second. At room temperature these mo- 
bilities amount to 2,600 and 1,700 square centimeters erp 
volt-second, respectively, considerably higher than the fore- 
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DISTANCE FROM BOTTOM OF INGOT IN MM 


19! 19!6 10!7 10'8 10'9 
ANTIMONY. ATOMS PER CM? 


Figure 5. Number of antimony atoms per cubic centimeter as a 
function of the distance from the bottom of the melt 


The length of the experimental lines indicates the width of the slice before 
powdering. The arrows show the average concentration of Sb atoms which 
were placed in the charge before melting 


going values quoted for polycrystalline samples. Also the 
ratio of electron to hole mobility at any given tempera- 
ture issmaller than the value quoted and indicates a mass 
ratio m,/m, = (u,/m,)’*=1.18 for germanium. 

Because of the small number of intrinsic carriers at 
room temperature, addition of impurities even of the order 
of 10-2 to 10-6 per cent by weight can change the conduc- 
tivity of a semiconductor in a measurable and reproducible 
way (Figure 4). It is not possible to determine quanti- 
tatively the distribution of such small amounts of impurities 
by ordinary chemical or spectro-chemical methods. In the 
case of aluminum special spectroscopic methods have been 
used.!® However, it is possible to use radioactive isotopes 
of suitable impurities, such as phosphorus!6 and antimony,” 
and to study the distribution of the solute with a Geiger 
counter. 

By using the radioactive isotope of antimony (Sb!) 
such experiments can be carried out.2° The amounts of 
antimony added to germanium were 0.054, 0.0081, and 
0.00078 per cent. Radioautographs indicate that the 
antimony concentration varies exponentially with the 
depth in the ingot, being greatest at the top, which was the 
last portion to freeze. Geiger counter measurements on 
specimens from various positions give a quantitative analy- 
sis of the antimony distribution (Figure 5). Hall effect 
measurements on the same specimens show that in the 
saturation region of the impurity range each antimony 
atom produces one conduction electron (Figure 6). Having 
correlated the Geiger counter and Hall-effect measure- 
ments, one is justified in determining the concentration of 
impurities in nonradioactive ingots from the flat portion of 
the Hall curve. As an example, Hall effect measurements 
on an V-type high back voltage germanium ingot to which 
no impurity had been deliberately added show an excess 


* Such crystals were prepared by H. C. Theurer, Bell Telephone Laboratories, and 
W. E. Taylor, Purdue University. 
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of 1.8 X 10!4 per cubic centimeter donor over acceptor 
impurity atoms at the bottom of the melt compared with 
1 X 1015 per cubic centimeter near the top of the melt. 
Moreover, if the mobility is not appreciably affected by 
impurity scattering, it is possible to use resistivity measure- 
ments at room temperature as an analytical method for 
determining the quantity of antimony in germanium 
alloys. 


NUCLEON-BOMBARDED SEMICONDUCTORS 


The preparation of semiconductors with definite pre- 
dictable properties based upon the addition of impurity 
atoms would be “‘ideal’’ if the new atoms could be placed 
at the lattice sites occupied by the original atoms, without 
disturbing the rest of the material. In principle this can 
be accomplished by exposing pure semiconductors to slow 
(thermal) neutrons, which are absorbed with the emission of 
gamma rays and produce radioactive nuclei, which dis- 
integrate, leaving stable new atoms in place of the original 
semiconductor atoms and their isotopes. In the case of 
germanium the number and type of isotopes is quite well 
known, and it is also known that transmutation can lead 
to the formation of new atoms, namely gallium, which will 
produce P-type conduction, and arsenic, which will produce 
N-type conduction.* 

The balance between the two types of new impurity 
centers produced will be the factor to determine whether 
the final material will conduct by holes or electrons. The 
answer as to which one of these processes will predominate 
is determined by the efficiency with which the target nuclei 
interact with the nucleons, that is, by the so-called activa- 
tion cross section, 4. 

In general, for any interaction of nucleons with target 
auclei, one can write 


N.=nvt XopXn4gXpiXw 


where WV, is the number of events produced, nv the number 
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Figure 6. Correlation between antimony atom and conduction 
electron densities 


The solid circles represent the densities of antimony atoms as determined by 
radioactivity measurements. The open circles represent the densities of conduction 
electrons as determined by Hall effect measurements 
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Figure 8. Hall co- 
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nium sample in its 
original condition 
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of particles striking unit area per second, nvt, the integrated 
flux, o,, the cross section for the process in square centi- 
meters, 7,4, the number of target atoms per cubic centimeter, 
f,, the isotopic abundance of the atoms used, and w, a 
factor describing how many secondaries accompany the 
primary effect. 

For transmutation, w is equal to 1, but for displacement 
due to elastic collision with fast particles, w can be of the 
order of several hundred. 

Prolonged exposures, in the Oak Ridge nuclear reactor, 
of germanium samples with known numbers and types of 
carriers has led to material which, even after heat treatment, 
has a different conductivity from the original material and 
may also have changed its type of carrier. No matter 
whether one starts with P-type or N-type material, in the 
case of germanium it has been found that bombardment 
with nucleons, if sufficiently long, always produces an end 
product which is P-type.!® Therefore, in the case of orig- 
inal P-type material, the conductivity upon bombardment 
will increase; whereas, in the case of V-type material, the 
conductivity of the material will first decrease and then, 
when all of the electrons have been removed by the newly 
produced acceptors, the material becomes P-type and the 
conductivity increases again.** 

The absorption cross section of Ge for slow neutrons as 


* The number of Se atoms produced is too small to be of appreciable influence. 


** However, charged donators and acceptors might be now present and so contribute 
to the scattering, thus tending to decrease the mobility. 
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given in the literature leads to the prediction that the pro- 
duction of JV-type material by transmutation will prevail, 
in contradiction to the experiments. However, recent 
investigations of the cross section of separated germanium 
isotopes by H. L. Pomerance of the Oak Ridge National 
Laboratory indicate that the final material should be P- 
type and that the number of P-type centers produced is 
approximately two per cent of the total integrated neutron 
flux which has fallen upon the material. 

For a total flux density of 1018 or more, the number of 
effective P-type centers produced by transmutation is of the 
order of magnitude of the number of impurity ions usually 
found in semiconductors (prepared for practical applica- 
tions) and can be used to produce ‘‘ideal’”’ impurity semi- 
conductors provided the original material is homogeneous 
and single crystals are used. 

It is possible to check these predictions experimentally 
by exposing a germanium semiconductor of known number 
of carriers in the nuclear reactor. One measures the 
integrated neutron flux, waits for the decay of any radio- 
activity (to avoid transient effects), heat treats the material 
at 450 degrees centigrade in a vacuum (for a period of 
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Figure 9. Resistivity profile of thick N-type Ge sample 


The left half was bombarded with deuterons and the right half was shielded 
with lead foil. Notice the high resistance of the P-N barrier 


several hours), and measures the Hall effect: the number 
of carriers calculated from the Hall effect is then n = 
n, + n,, where n, is the number of excess P-type carriers 
produced by transmutation and n, is the number of carriers 
present originally. The number has to be subtracted if 
is the number of electrons, and it has to be added if 
n, is the number of holes. Some high-resistivity P-type 
and N-type samples were exposed in the Oak Ridge re- 
actor some time ago, and from the Hall effect it was found 
that the total number of transmutations calculated from 
the newly measured cross section agrees within ten per cent 
with the number actually found by Hall effect measurement, 
again substantiating the theoretical prediction that, in 
the ideal semiconductor, for each substitutionally intro- 
duced impurity center one current carrier is produced. 


Ng 
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The most striking effect of the irradiation of semicon- 
ductors with nucleons (neutrons, protons, deuterons, alpha 
particles) is not the effect of transmutation, which only 
plays a part upon prolonged irradiation with neutrons, but 
an effect which is due to the interaction of the heavy par- 
ticle with the nuclei of the target as it passes through the 
material. Bombardment with nucleons may produce the 
following effects: transmutation as discussed in the fore- 
going, heating, lattice displacements, and ionization. Heat 
treatment is known to produce drastic changes in the clec- 
trical characteristics of germanium and silicon alluys. 
An over-all heat treatment can be avoided, of course, by 
keeping the sample at constant low temperature during 
irradiation. However, local heating, so-called spot heating, 
as assumed many years ago to account for the effects of 
irradiation on living material, cannot be ruled out. The 
most important effect seems to be the effect of lattice dis- 
placements: the passage of high-speed particles through 
the material will produce collisions with lattice atoms and 
may displace them, thus creating lattice vacancies and 
interstitial atoms. A displaced atom may receive enough 
kinetic energy to cause additional displacements and this 
may produce an avalanche of perturbations in the lattice. 
In the case of irradiation with charged particles, ionization 
may produce some transient changes in conductivity, 
depending upon the ionizing power of the passing particles. 

A deuteron beam of 1 microampere per square centimeter 
fallingon asample corresponds to6x 10!?particlesstriking one 
square centimeter of the surface persecond. A comparable 
number of neutrons is expected to interact with a substance 
placed in a reactor. The number of carriers originally 
present is of the order of 1014-1018 per cubic centimeter, 
depending upon the purity of the sample. Large effects 
due to bombardment therefore can be expected in a 
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Figure 10. Photo-diode produced by spot irradiation of N-type 
germanium with deuterons 


A—TIrradiation arrangement 

B—P-type island surrounded by N-type germanium 

C, D, E—Sample current-voltage characteristics in the dark and under illumi- 
nation 
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Figure 11. Curve A shows the effect of neutron irradiation in 


increasing the conductance of a P-type germanium sample; 

curve B shows that irradiation first reduces the conductance of an 

N-type germanium sample to a minimum and that additional 

irradiation produces a slowly rising conductance as the material 

is converted to P-type (the time variable refers to time of exposure 
to radiation) 
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Figure 12. Effect of neutron irradiation upon the forward and back current, at +3 volts, 


through a germanium rectifier 
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comparatively short time. The first experiments which 
were carried out with the Purdue cyclotron showed the 
expected large influence of nuclear irradiation on semicon- 
ductors, and in the case of germanium it was possible to 
show that in P-type germanium the conductivity increases 
with bombardment by either deuterons or alpha particles 
from the cyclotron or even by irradiation with alpha par- 
ticles from naturally radioactive substances. In N-type 
germanium the resistance first increases upon bombardment, 
the material then converts to P-type, and from there on the 
resistance decreases upon further bombardment. There 
are some transient effects,® indicating self-healing, but in 
general the effect is a permanent one. This is quite 
different from the effect of high-speed electron bombard- 
ment, which, as has been shown by preliminary experi- 
ments,!® produces an effect which disappears in a few 
microseconds. In the case of charged particles, the loss of 
energy is primarily due to ionization, but it is possible to 
calculate classically the primary interaction with the target 
atoms due to Coulomb scattering, and one can estimate 
roughly the number of secondaries produced. In the 
bombardment with deuterons and alpha particles the 
effect of transmutation can be neglected, since the measured 
resistivity indicates that the impurity centers produced by 
transmutation cannot account for the observed effect.'® 
Figure 7 shows the effect of bombardment on an inhomo- 
geneous piece of P-type material which was cooled during 
bombardment and was transparent to ten million volt 
deuterons, which therefore penetrated the whole thickness 
of the sample. 

After heat treatment the 
original resistivity is approxi- 
mately reached again.® The 
use of charged particles has 
the advantage that a definite 
area can be selected for irradi- 
ation with deuterons or al- 
pha particles. On the other 
hand, the effect is limited to 
the range of the particles in 
the material, which, in the 
case of germanium and silicon, 
} : is only a fraction ofa millimeter 

and necessitates, therefore, the 
preparation of special sam- 
ples. That the observed ef- 
fects are due to the production 
of new carriers, and particu- 
larly due to the production 
of acceptors, is seen from Fig- 
ure 8, which indicates the 
changes in Hall effect and 
therefore in the number of car- 
riers as a function of irradia- 
tion. In this particular ex- 
periment, 9.6 million volt deu- 
terons were used,and the num- 
bers indicate the number of 
deuterons per square centi- 
meter which actually fell on 


300 


ELECTRICAL ENGINEERING 


the sample. With increasing irradiation, the number of 
carriers increased steadily, but at the same time a change 
in the slope of the curve was also observed, indicating a 
different mechanism of dissociation of carriers from the one 
which is found in impurity centers introduced chemically. 

The fact that charged particles can be limited to a definite 
striking area and to the range in the material can be used 
in a simple way to test qualitatively for the effect of irradia- 
tion. It is possible, for instance, to probe the surface with 
a metal wire and show by the change in rectification char- 
acteristics that the material has changed from WN to P. 
It is also possible in a similar way to show that the effect 
extends only to the range of the particles in the material. 
It is finally possible to shield a certain portion of the 
material and in this way to produce in one and the same 
material, as Figure 9 shows, adjacent parts, one conducting 
by holes and the other conducting by electrons. The 
P-N barrier produced in this way acts as a rectifier, as a 
photoelement, and as a photoconductive device as detailed 
experiments have shown.°® 

It is also possible to use spot irradiation® (Figure 10) 
to produce artificially effects such as have been observed 
in some of the materials before, namely the so-called ‘‘pho- 
todiodes”’ (photocells with a point contact, Figure 10C, D, 
or trigger cells, Figure 10£). 

On the other hand, irradiation with neutrons produces a 
volume effect, and because of the steady flux in the nuclear 
reactor, it is possible to measure the change in conductivity 
during irradiation continuously and in this way to follow 
the transition from WV to P, which is proved (after a proper 
cooling period, so that radioactive effects are eliminated) 
by either the Hall effect or by the use of rectification 
measurements, !%11 

Figure 11 indicates the effects observed and shows that 
it is indeed possible to produce P-type materials by irradi- 
ating V-type material with neutrons and to increase the 
conductivity of P-type material considerably. 

A number of other semiconductors such as silicon, copper 
oxide, selenium, and tellurium have been investigated. 
In all of these semiconductors other than Ge investigated 
so far, it has been found that upon irradiation the con- 
ductivity is diminished regardless of the type of carriers 
originally present in the material. The effect is particu- 
larly striking in silicon, where, for instance, a sample origi- 
nally ~ 0.5 ohm-centimeter reached a resistivity of the 
order of 10,000 ohm-centimeters after neutron irradiation of 
some days. It has been shown’ both by electrical and optical 
(infrared) measurements, that this is due to the production 
of some deep lying impurity levels absorbing both electrons 
and holes. 

The experiments on irradiation of semiconductors by 
nucleons also have been extended to the irradiation of 
rectifiers,!4 a type of investigation which promises to be 
particularly interesting because of the possibility of shifting 
the Fermi level in the rectifying material and of observing 
rectification characteristics as a function of irradiation. 
(See Figure 12.) One can say, therefore, that the irradia- 
tion of semiconductors with nucleons can be used to produce 
in germanium an ideal P-type semiconductor due to pro- 
longed exposure to slow neutrons. By exposing semicon- 
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Figure 13. Unit cells of spinel structure 


ductors to fast neutrons, deuterons, and alpha particles, it is 
possible to produce permanent changes which persist at 
room temperature but which can be healed out by heat 
treatment at elevated temperatures. Irradiation enhances 
defect conduction in germanium (creating P-type material), 
but leads to high resistance material in other semiconductors 
investigated so far. 


OXIDE SEMICONDUCTORS 


In recent years a great deal of progress has been made in 
the application of oxides, particularly for use in current 
regulating devices such as thermistors. 

If one examines the literature on oxide semiconductors 
he will find that there is much material, a great deal of 
conflicting data, and little to help him predict the electrical 
characteristics of new semiconducting materials. How- 
ever, it is possible to start with a certain oxide, which may 
have either quite high or quite low conductivity, and by 
the addition of a carefully chosen oxide and by sintering, 
form a mixed crystal which has a conductivity in the desired 
intermediate range. In this sense it may be said that the 
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(MIXED OXIDE: Fe,0,-~MgCr,0,) 


Figure 14. Specific resistance as a function of temperature for 
mixed oxides formed by adding varying percentages of MgCr.O, 
to Fe,O, 


conductivity of oxide semiconductors may be controlled 
by the admixture of other oxides. 

Two recently developed methods for the control of con- 
ductivity of oxide semiconductors will be described in the 
following.* 

The first method employs as a base material, Fe;O,, the 
magnetic iron oxide which is a semiconductor, and which 
has a very low specific resistance. The molecule consists 
of two trivalent Fe ions, one divalent Fe ion, and four oxygen 
ions. 

The reason for the low resistivity of FesO,4 has long been 
an interesting subject for conjecture. About 13 years ago a 
tentative explanation? was proposed which now has 
experimental verification. The explanation involves the 
crystal structure of the material and it will be explained as 
simply as possible. The material Fe;O, has the general 
spinel structure and Figure 134 shows the struture of mag- 
nesium aluminate, the mineral spinel from which the 
structure takes its name. ‘The unit cell or elementary cell 
shown is the smallest sample of the material which shows 
the structure. It is seen that there are Mg ions at the mid- 
points of the edges of the cube and that the Al ions are ar- 
ranged along the diagonals. (We shall speak of all atoms as 
ions even though it is realized that the binding may not 
be wholly ionic.) For our purpose the arrangement of the 
Al ions along the diagonals is the important thing to note. 
It should be said, in addition, that each of the Al ions is sur- 
rounded by the same number of oxygen ions and with 
the same configuration. The Al ions are thus in equiva- 
lent ion sites. 

As a second example of the spinel structure, at the right 


* Both of these methods have been the outgrowth of a comprehensive research program 
at the Philips Research Laboratories in Eindhoven, Holland. These methods are due 
to the efforts of Verwey, Haayman, and Romeijn and their coworkers at Eindhoven. 
Some results have not before been presented in English and a brief résumé which ap- 
peared in a Dutch periodical* has escaped notice, 
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Table I. Variation of Electrical Properties With Composition of 
Mixed Oxide Formed by Adding MgCr;O, to Fe;O, 


Per Cent p B Temp. Coeff. of 
MgCr204 Ohm- + in (1/ Degrees Resist. (Per Cent/ 


in Centimeter in (e.v.) Kelvin) & Degrees Centi- 
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the ions of ferrous aluminate are identified. Here the 
trivalent Al ions again prefer the positions along the 
diagonals; we shall have occasion to refer to this materia] 
later. 

Figure 13B shows the unit cell of the basic material which 
is used in the first method. The unit cell contains 16 
trivalent iron ions, eight of which are located at the mid- 
points of the sides of the cube and eight at sites along the 
diagonals; the eight divalent ions are also situated along 
the diagonal ion sites.?6 

It is now easy to see why Fe3O, has such a low conduc- 
tivity. There are located in adjacent equivalent lattice 
sites, on the average, alternate divalent and trivalent iron 
ions. Hence, it should be relatively easy to transfer an 
electron from one Fe?+ to one Fe** ion and if this action 
should occur in a chain the passage of electrons through 
the material should be easy and the conductivity should be 
high.4 

It has been suggested that the conductivity of Fe,O, might 
be diminished by breaking the chains. Figure 13C shows 
the ion positions in a mixed crystal of FesO, and Fe Al,O,. 
If an equal molal part of ferrous aluminate is added to 
Fe,O, and the mixed crystal is formed, the ion sites along 
the diagonals are occupied on the average by alternate 
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Figure 15. Arrays of nickel and oxygen ions in a single layer of 
the nickel oxide lattice 
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Fe?+ and Al’+ ions. Since aluminum always has the 
valency three, the conduction possibility involving valence 
changes of neighboring ions is largely ruled out. It is 
found that the resistance of the mixed crystal is greater 
than that of FesO, by a factor of about 50,000.27 

The illustration just given was presented because it is 
simple in that the only new element involved by admixture 
was Al, which is always trivalent. It is not necessary that 
the divalent ion of the admixed oxide be iron or that the 
trivalent ion be one which occurs only with the valence 
three. Figure 14 shows the effect of the additions of mag- 
nesium chromate, which also has the spinel structure, to 
Fe;O,. The log of the specific resistance is plotted as a 
function of 1,000 times the reciprocal of the absolute tem- 
perature. It is seen that the slopes of the curves and thus 
the temperature coefficients of resistance increase with the 
magnesium chromate content.?? 

The variation of the electrical properties as a function of 
composition may be better seen from Table I. It is seen 
that the specific resistance may be varied by more than a 
factor of 108 and also that the temperature coefficient of 
resistance increases with increasing magnesium chromate 
content. 

Thus, by the first method, certain oxides having the spinel 
structure may be added to Fe3O, with the result that the 
Fe?+—Fe** conducting chains are broken down and the 
conductivity is substantially decreased. 

The second method has a wider scope in that it is not 
restricted to a single structure and the basic material may 
be one of a large number of oxides having high specific 
resistance. To this oxide may be added another oxide with 
a resulting decrease in resistivity even though the added 
oxide may also have a high specific resistance. 

As an introduction, it is helpful to consider the mechanism 
of conduction in nickel oxide. It has long been known that 
nickel oxide is not ordinarily stoichiometric, that is, that the 
number of nickel atoms in a small sample is not exactly 
€qual to the number of oxygen atoms in the sample. ‘There 
is usually a tendency toward a nickel deficiency. Samples 
which are nearly stoichiometric have a high specific resist- 
ance, whereas those which have a nickel deficiency have a 
considerably lower resistivity, perhaps lower by several 
powers of ten. 

The mechanism of conduction in nonstoichiometric nickel 
oxide has been described by a simple picture.” Figure 
15 shows arrays of nickel and oxygen ions in a single layer 
of a crystal. At the upper left we have stoichiometric 
NiO, with equal numbers of Ni and O atoms in a small 
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sample. To the right above in Figure 15, the sample 
shown has a deficiency of one nickel ion. As represented, 
this region would have a net charge of two electronic 
charges, which is a situation not to be tolerated. Possible 
compensations are shown in the lower two diagrams; at 
the left two oxygen ions might become monovalent and at 
the right two Ni ions might become trivalent. Theoretical 
and experimental results indicate that there is little doubt 
that for each nickel vacancy two neighboring nickel ions 
assume the trivalent state. 

The presence of both divalent and trivalent ions in 
equivalent lattice sites in the same crystal suggests the 
possibility of increased electrical conduction. Upon the 
application of a field the transfer of electrons from divalent 
to trivalent ions would establish a current. 

Now let us consider what might be expected to happen if 
nickel ion sites were occupied by monovalent lithium ions, 
(divalent nickel ions and monovalent lithium ions have 
approximately the same radii). In order that the region 
have no net charge either an oxygen ion must become mono- 
valent or a nickel ion become trivalent. There is evidence 
that the latter is the case (Figure 16). 

Figure 17 shows how the specific resistance is affected by 
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the substitutionof lithium ions in the cationlattice. Whereas 
stoichiometric nickel oxide has a specific resistance in the 
neighborhood of 10° to 10° ohm-centimeters, the 15 per cent 
substitution of lithium ions for nickel ions reduces the resis- 
tivity to less than one ohm-centimeter.”8 

It is also possible to force ions in a basic lattice into a lower 
valence state, thus bringing about an increase in the con- 
ductivity. For instance, FesO,, which has the hematite 
structure, has a specific resistance of about 10° ohm-centi- 
meters. If this material is sintered with TiO, the resulting 
mixed crystal has a much lower specific resistance. In this 
case the decrease in resistivity is attributed to the sub- 
stitution of tetravalent titanium ions for trivalent iron ions; 
thus some of the iron ions are forced into the divalent state 
and the possibility of electrical conduction is established. 
The variation of specific resistance with titanium content 
is shown in Figure 18. 

It may be noted that whereas the substitution of lithium 
for nickel in nickel oxide results in a P-type semiconductor, 
the substitution of titanium for iron in Fe,O; yields an 
V-type semiconductor. This is in accordance with the 
general rule that if a metal forms several oxides, the one in 
which the metal occurs in its lowest valence will be a P- 
type semiconductor and that in which the metal occurs in 
its highest valence will be an N-type semiconductor. 

While both of the methods which have been described 
depend upon the presence of ions of the same metal having 
different valencies, the two methods are quite distinct. In 
the first method, sintering a high resistance material with a 
low resistance material yields a material with an inter- 
mediate resistivity, whereas, in the second method the 
sintering of two materials which have high specific resistance 
yields a material with a low resistivity. 
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Awarded first prize in the 1949 Photography-in-Science Salon of 
the AAAS was this picture illustrating the electron-optical shadow 
method, a new technique for studying magnetic fields (EE Oct 
*49, p 833). Above, an analogy to light opticsis shown. A mag- 
nified image of a wire screen (center) is projected at the right by a 
lens system (left). A piece of stressed plastic is inserted (left) be- 
tween light source and lens system, resulting in a distorted image 
of the wire screen. In the electron-optical shadow method, the 
magnetic field is introduced between electron source and electron 
lenses. Below is a typical pattern. From the distortion of the 
mesh image, field intensity is computed. 
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HE SEPARATION of a complex curve into its constit- 

uent sine and cosine curves of proper amplitude and 
phase by means of a Fourier series analysis is well known, 
and this method is frequently used in many branches of 
engineering and mathematics. All who have ever made 
such an analysis know that the computation for the Fourier 
coefficients can be very tiresome and expensive from the 
point of view of time and effort. 

In the past 50 years several efforts have been made to 
construct special-purpose computing machines to calculate 
rapidly the Fourier coefficients. The machine reported in 
this article was likewise constructed to make such rapid cal- 
culation, originally for a large quantity of data which had 
to be analyzed for harmonic content. It is believed that 
this machine accomplishes its purpose far more ably than 
any of the previously designed analyzers. 

The Fourier Coefficient Harmonic Analyzer, affection- 
ately termed “FOCOHANA,” can be considered to be a 
special-purpose continuous-variable type of differential 
analyzer, designed to solve the following integrals: 
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These terms are recognized as the coefficients of the 
Fourier series 


F(@) =4o/2+)) [4, cos 6+ B, sin n8] (4) 
n=1 


The computations of equations 1, 2, and 3 are carried out 


Figure 1. Over-all 
view of the har- 
monic analyzer 
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Figure 2. Ball-and-roller mechanical integrator partially opened 


using standard 5-inch ball-and-roller integrators. The 
entire machine is self-contained and no change gears are 
required over the full range of 100 harmonics. 

Operation of the new harmonic analyzer is quite simple. 
The curve to be analyzed is drawn on a piece of graph 
paper having a 10-inch length for the independent variable 
and a maximum of five inches, peak to peak, for the ordinate 
or dependent variable. This curve sheet is wrapped 
around a plastic cylinder which is then inserted into the 
machine. When the machine is energized the input curve 
table revolves and the operator tracks the curve manually. 
Once the completed curve has been tracked, the machine 
shuts off automatically and counters read the coefficients 
Ao, A,, and B,, with the subscript n depending upon an 
initial setting. Each time the curve is scanned another set 
of coefficients is calculated. In this analyzer n can vary 
from zero to 100 or a range of 100 harmonics can be investi- 
gated. Some of the salient features of the new harmonic 
analyzer are as follows: ; 
Number of harmonics which can be investigated—100. 

Change gears—none; analyzer is totally self-contained. 

Type of input—curve is drawn on graph paper, cylindrical curve 
table. 

Type of output—sine and cosine coefficients read on counters. 
Method of tracking curve—visual, with manual control. 

Time to scan for each harmonic—two to seven minutes depending on 
Curve. 

Figure 1 is an over-all exterior view of the analyzer. 
Figure 2 shows a ball and roller type of mechanical integra- 
tor partially opened. 


Digest of paper 49-163, “A New Fourier Coefficient Harmonic Analyzer,” recom- 
mended by the AIEE Computing Devices Committee and approved by the AIEE 
Technical Program Committee for presentation at the AIEE Summer General Meeting, 
Swampscott, Mass., June 20-24, 1949. Scheduled for publication in AIEE Transactions, 
volume 68, 1949. 
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NEW instrument mechanism has been developed 

which is remarkable for its small size and weight com- 
pared to conventional instruments. It is suitable for use in 
d-c electric indicating instruments in either portable or 
panel devices. The instrument is capable of moderately 
high sensitivity and is most readily adaptable to applica- 
tions where expanded scale distribution is desirable. 

This new instrument mechanism differs from conven- 
tional construction in that the magnetic material is entirely 
within the locus of the moving coil. A soft iron ring sur- 
rounds the locus of the moving coil, completing the flux 
path as well as providing magnetic shielding. ‘This con- 
struction differs from the conventional arrangement in 
which the magnetic material is entirely external to the locus 
of the moving coil and a soft iron core is provided to com- 
plete the magnetic circuit. 

Since the entire section of sintered Alnico V magnet is 
much closer to the moving coil than the conventional exter- 
nal magnets, a large portion of the leakage flux actually 
threads the moving coil and thereby is useful in producing 
torque. ‘This arrangement has resulted in 50 per cent 
utilization of the total flux compared to 10 to 25 per cent in 
conventional instruments. The optimum shape of the 
moving coil of an internal magnet instrument is larger in 
diameter than that of the conventional external magnet 
design. 

An internal magnet instrument is used in the exposure 
meter developed by General Electric for use with the 
Polaroid Land Camera. In this particular design, several 
innovations in construction were introduced. To reduce 
the thickness of the instrument to a minimum, the pivots 
and control springs of the instrument were mounted inside 
the moving coil. This arrangement allowed maximum 
thickness of the magnet as limited by the over-all thickness 
of the instrument case. The use of the internal magnet re- 
duced the weight of the magnetic material from 2 ounces in 


Figure 1. Schematic diagram 
of internal magnet instrument 
mechanism showing magnet 
inside the locus of the moving 


coil 
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conventional instruments to 0.2 ounce in this instrument 
The reduction in size of the mechanism permitted further 
reduction in the size of the over-all case so that the com- 
plete device weighed about one-fourth that of a comparable 
conventional exposure meter. 

Instrument designs employing internal pivots have in the 
past required special tools and techniques for adjusting the 
position of the jewels within the soft iron core. In the 
instrument developed for Polaroid, the jewels were mounted 
on a U-shaped bracket and their position was adjusted by 
flexing the bracket at one corner by means of a screw which 
pulled the ends of the U together. ‘This arrangement pro- 
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Figure 2. Longitudinal section of instrument mechanism show- 
ing profile of sintered magnet in relation to moving coil 


vided external adjustment with internal pivots with the 
same facility and precision possible with the conventional 
external pivot construction. 

The internal magnet instrument has the following in- 
herent advantages: much smaller size and weight; more 
efficient utilization of magnetic material because a larger 
percentage of the total flux is effective; expanded scale dis- 
tribution; and self-shielding in two dimensions and less 
sensitivity to stray fields in the other direction. 

The internal magnet design also has certain limitations: 
to increase the flux density, the moving coil must be made 
larger in diameter so as to accommodate a larger magnet; 
the larger moving systems associated with internal magnets 
have higher inertia and hence greater response time than 
conventional instruments of equal sensitivity; at full scale 
where logarithmic distribution requires low flux density, 
the magnetic damping is limited; and linear scale distribu- 
tion is more difficult to attain. 


Digest of paper 49-162, ““A New Instrument Mechanism,” recommended by the AIEE 
Instruments and Measurements Committee and approved by the AIEE Technical Pro- 
gram Committee for presentation at the AIEE Summer General Meeting, Swampscott, 
Mass., June 20-24, 1949. Not scheduled for publication in AIEE Transactions. 
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N CHICAGO a new type of subtransmission system was 
adopted recently to provide for the expansion in load 
which is being experienced. This system utilizes a subtrans- 
mission voltage of 66 kv, which was formerly used only at 
transmission levels. ‘The higher voltage provides a more 
desirable and economical arrangement for the present con- 
ditions encountered on the Chicago system. 

In the early development of the power system in the city 
of Chicago, all the generators were located inside the city 
and relatively close to the load. The subtransmission for 
the 60-cycle load consisted of underground lines at the 
generated voltage (12 kv) direct from the generating station 
to the distribution substations, and the various generating 
stations were sometimes interconnected by these same 12-kv 
lines. Later the 12-kv interconnections were eliminated, 
and the 12-kv subtransmission system was separated into 
independent zones, each supplied from a major 12-kv switch- 
house originally located at a generating site. These zones 
were then interconnected by a 66-kv transmission system. 
The switchhouses which were constructed under this plan 
were relatively large in size, with space for 40 to 60 12-kv 
line positions. A considerable amount of capacity was 
concentrated at each location, which led to the use of 
phase-isolated construction for all major stations. 

Subsequent developments have stimulated consideration 
of a new plan of subtransmission. 

1. It has been increasingly necessary to develop generating sites 
outside the city. Power from these sites is transmitted into Chicago 
at high voltage, and is made available to the 66-kv interconnecting 


system in the city. This arrangement makes more favorable the use 
of 66 kv as a subtransmission voltage within the city. 

2. The present 12-kv lines average about 4 miles in length, and the 
longest lines extend 8 to 10 miles from the switchhouse. With the 
rapidly increasing load density, continued subtransmission from these 
sites at 12 kv involves considerable costs, and the need for a higher 
voltage is indicated. 

3. Inrecent years there has been an extensive development of factory- 
assembled switchgear, which has many attractive features. Switch- 
gear of this type, in a price class which makes it suitable for sub- 
station use at 12 kv, has been made available in interrupting capacities 
as high as 500,000 kva. 


In the light of these developments various studies have 
been made of the economies of extending the 66-kv system 
for subtransmission purposes. As the need for 12-kv switch 
positions has increased, consideration has been given to the 
use of small 66/12-kv substations of simplified construction, 
which would be supplied from 66-kv lines. This arrange- 
ment has several advantages, such as: the smaller substa- 
tion permits a closer match between system requirements 


Digest of paper 49-172, ““A 66-Kv Subtransmission Plan for a Metropolitan Area,” 
recommended by the AIEE Committees on System Engineering and Transmission and 
Distribution and approved by the AIEE Technical Program Committee for presentation 
at the AIEE Summer General Meeting, Swampscott, Mass., June 20-24, 1949. Sched- 
uled for publication in AIEE Transactions, volume 68, 1949. 
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and actual construction; extending the 66-kv system closer 
to the load reduces the amount of cable required for sub- 
transmission purposes; the problem of cable congestion 
around large switchhouses is reduced; small installations 
inherently have a lower value of short-circuit current, per- 
mitting the use of low interrupting capacity equipment; 
substations are more adaptable to supervisory control than 
large switchhouses due to the simplicity of the layout and 
the smaller amount of load being supplied from the station; 
and the smaller 66/12-kv substations provide improved 
reliability for the 12-kv system by reducing the number of 
12-kv lines in one location. 

As a result of these and other considerations, several small 
66/12-kv substations are planned for the Chicago area. 
These stations will be supplied by 66-kv lines which will 
operate radially without 66-kv bussing at the substations, 
and each line will supply two transformers located at dif- 
ferent stations. The 66-kv cable will be 3-conductor, oil- 
filled, 650,000 circular mils, and the transformers 3-phase 
units, with a self-cooled rating of 20,000 kva. The line and 
transformer capacities have been co-ordinated closely to 
make full use of the available capacities. Also, the trans- 
former size is such as to limit the fault current in each 
substation to less than 500,000 kva. 

At each substation there will be three transformers con- 
nected into aring bus. The 12-kv bus is designed for maxi- 
mum electrical separation between busses and transformers 
with a minimum use of 12-kv circuit breakers. There will 
be 16 outgoing 12-kv lines at each station. 

The relay protection provided for the new subtransmis- 
sion system is conventional in most respects. Overcurrent 
relaying is provided on the 66-kv and 12-kv lines, and dif- 
ferential protection is provided for the transformers and 
busses. Because the substation transformers are connected 
to the lines without 66-kv circuit breakers, the transformer 
differential relays actuate a remote trip circuit to clear the 
remote ends of the lines. This trip circuit is incorporated 
at small additional cost in the pilot wire cable which is re- 
quired for the oil-pressure alarm system for practically the 
entire length of the 66-kv cable. 

Studies have been made of the relative economy of 66 kv 
and 12 kv for subtransmission for underground systems 
such as exist in Chicago. These studies show that 66 kv is 
more economical than 12 kv for subtransmission distances 
above 3,000 feet when power is available at the generating 
station either at 66 kv or 12 kv. If power is available only 
at 12 kv, the 66-kv system is more economical for distances 
above 15,000 feet. If power is available only at 66 kv, 66 kv 
is more economical for any distance. 

The gain in economy and reliability resulting from the 
use of the system described is evidence that time devoted to 
the planning of the subtransmission portion of a system may 
be well justified. 
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Overcurrent Study on a Rural System 


G. F. LINCKS D.R- EDGE W. C. MecKiUN Taye yaaa 


MEMBER AIEE ASSOCIATE AIEE 


OOD service continuity with the least possible outlay 

is a major problem on every rural distribution system. 
Sectionalizing the primary line is accepted practice today 
to improve continuity. The problem is to formulate numeri- 
cally the benefits obtainable with different types of equip- 
ment and to find better protective methods. 

An overcurrent investigation was conducted during 1944, 
1945, 1946, and 1947, with these objectives in mind, using 
the 7200/12, 470Y volt 4-wire multigrounded Y rural dis- 
tribution system of the Central Electric Cooperative of 
Parkers Landing, Pa. Characteristics of this system in- 
cluded long radial circuits, penetration into less densely 
populated areas resulting in wider separation of lightning 
protective equipment, and other factors which magnify the 
overcurrent protection problem. 

This system feeds an area of approximately 40 by 60 miles 
in the hilly country along the Allegheny River in north- 
western Pennsylvania, where lightning, wind, trees, and 
other hazards to good service are of typical severity. Rural 
Electrification Administration type of line construction is 
employed, using practically only one make of electric 
equipment. In 1944, there were 1,015 miles of primary 
line (87!/2 per cent single-phase line-to-neutral) feeding 
4,178 consumers through 3,100 transformers. East and 
west sections of the system were fed by separate 900-kva 
transformer banks, supplied from the West Penn Power 
Company’s 25-kv line, with two feeders on each section. 

A study of the system requirements showed the need for 
co-ordinated overlapping operation of recloser and fuses on 
the entire system. ‘These should be arranged so the re- 
closer clears all nonpersistent faults with only a momentary 
outage but in the case of a persistent fault would cause a 
fuse to isolate only a small faulted section of the line. In 
order to sectionalize the lines adequately, the recloser has 
to be co-ordinated with sectionalizing fuses between re- 
closers, branch fuses, subbranch fuses, and transformer 
fuses (of both external and internal types), all connected in 
series for sequential operation. 

Actual co-ordination studies were made on this rural 
system assuming the use of all types of reclosers co-ordinated 
with fuses for overlapping protection. These studies showed 
that the recloser which opened twice instantaneously, then 
locked closed until the proper fuse blew, and then reset 
automatically, was the only one that would meet all ef the 
system requirements. As no commercial design was avail- 
able in 1944 the existing General Electric FP-779 reclosers 
on this rural system were modified to provide the lock- 
closed function. 

Data were obtained from the reports of service crews and 
from automatic General Electric PM-73 oscillographs con- 
nected on two of the four main feeders. In analyzing the 
data it was found that treating the four 3-phase feeders as 12 
single-phase circuits provided the most accurate information 
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on the operation. Also it indicated that such treatment of 
a 3-phase circuit having predominately single-phase loads 
would aid in obtaining the best results in applying protec- 
tive equipment. The frequency of occurrence of different 
causes of faults and the exposure, measured in the num- 
ber of faults per mile of primary line, was shown to be 
similar to other published data. ‘This indicated that the 
results obtained in this investigation should be of value to all 
operators of rural systems. 

Single-phase circuits of 40 to 60 miles in length showed 
from 3.1 to 13.0 hours outage per consumer per year, even 
with the co-ordinated overlapping fuse—lock-closed recloser 
protection. ‘This is higher than can be tolerated on rural 
systems. It appeared from data on a 25-mile-long feeder, 
that if it had been equipped with the improved fuse-recloser 
protection, a desirable standard of two hours outage per 
consumer per year might be obtained. 

The fuses and lock-closed reclosers co-ordinated for over- 
lapping operation showed very substantial reductions in 
hours outage per consumer per mile of line per year varying 
from 70 to 90 per cent. Also the savings in restoration ex- 
pense obtained was 32.8 per cent in man-hours and 26.8 
per cent in mileage traveled. This 28.5 per cent saving in 
cost will justify an investment in reclosers and fuse cutouts 
of $3,400 with an annual charge of 15 per cent or $12,750 
with a four per cent annual charge. This would either 
carry one-third of the $10,500 cost for the protective equip- 
ment required on the system investigated or would result 
in a net profit of $90 per year over the carrying charge, 
depending on the financing. 

The oscillograph measurements of fault currents were 
checked against the calculated values indicating that the 
assumption of 40 ohms for fault resistance for calculating 
minimum fault currents was more than ample and might 
have been 30 ohms. 

Inrush currents following prolonged outages, measured on 
the two feeders on which the oscillographs were located, 
never exceeded 2.5 to 3 times the normal current. Thus 
they were not troublesome in restoring service. However, 
trouble in reclosing the circuit on another feeder (without 
the oscillographs to record the currents) was solved by 
shunting the recloser with a fuse. The lock-closed recloser 
performs a similar function automatically if an impulse 
current should lock it closed. ‘Thus a system protected by 
fuses and lock-closed reclosers should be trouble-free from 
inrush currents preventing service restoration following pro- 
longed outages. 


Digest of paper 49-175, “Overcurrent Investigation on a Distribution System,” recom- 
mended by the AIEE Transmission and Distribution Committee and approved by the 
AIEE Technical Program Committee for presentation at the AIEE Summer General 
Meeting, Swampscott, Mass., June 20-24, 1949. Scheduled for publication in AIEE 
Transactions, volume 68, 1949. 
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Power Supplies for Home Television Receivers 


VICTOR WOUK 


ASSOCIATE ATIEE 


WO FEATURES of the 

d-c power supplies re- 
quired in home television re- 
ceivers distinguish these d-c 
supplies from those in ordi- 
nary radios. The features 
are the relative complexity of 
the low-voltage B+ and bias 
supply; and the presence of a 
high-voltage power supply, 
ranging in voltage output from 2,000 to 30,000 volts. 

The high-voltage power supply is needed for the cathode- 
ray tube. The current requirement of this supply ranges 
from 100 to 600 microamperes; therefore, the design of 
such supplies presents problems quite remote from usual 
high-voltage designs of power engineering. 


B+ AND BIAS SUPPLY 


Several factors are responsible for the more elaborate 
low-voltage supply in a home television receiver. First 
and most obvious is the fact that a television set has con- 
siderably more tubes thanaradio. The smallest home tele- 
vision receiver available commercially has 15 tubes, with 
the number of tubes increasing up to 42 for a projection- 
type combination radio-phonograph television set. Power 
requirements range from 25 watts to 180 watts in radios, 
whereas the smallest television sets consume 100 watts, and 
the larger combination models draw as much as 550 watts. 

Another factor adding to the complexity of B+ and grid 
bias power supplies in television receivers, is the higher 
quality performance required by the video amplifying cir- 
cuits. The ear will accept an 
amount of distortion in audio sig- 
nals that the eye would find un- 
bearable in video presentations. 
Thus, a five per cent hum at 120 
cycles from a radio is readily 
masked by the music or sound; 
however, a five per cent hum on 
the intensity of the picture is quite 
noticeable and objectionable. 

This high-quality performance 
requires considerably more filter- 
ing than is encountered in radio 
B+ supplies. The additional fil- 


tering is furthermore mandatory 


Essentially full text of paper 49-258, ‘“‘Low-Volt- 
age and High-Voltage Power Supplies for Home 
Television Receivers,” recommended by the AIEE 
Committee on Communication and approved by 
the AIEE Technical Program Committee for 
presentation at the AIEE Fall General Meeting, 
Cincinnati, Ohio, October 17-21, 1949. Not 
scheduled for publication in AIEE Transactions. 
Victor Wouk is Chief Engineer, Beta Electric 
Corporation, New York, N. Y. 
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There are two differences between the power 
supplies found in an ordinary radio and those 
found in a home television receiver: 
complex low-voltage supply needed in the 
latter, as well as the presence of a high-voltage 
supply for the cathode-ray tube. 
discusses the several methods of providing such 
power for a television set. 


NOTE: 
ALL RESISTANCES IN OHMS 
ALL CAPACITORS IN MFD 
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for the deflection circuits, 
where very small 60-cycle or 
120-cycle ripple may interfere 
with proper sweep-circuit syn- 
chronization. A third distinc- 
tive feature of television re- 
ceiver low-voltage power sup- 
plies is the requirement for a 
plate-to-cathode voltage of 
500 or more volts for proper 
beam deflection in low cost transformerless sets employing 
electrostatic deflection picture tubes. 

The foregoing features are best illustrated by reference to 
typical power supplies in home television sets. Figure 1 
shows a B+ and bias supply for a television set employing a 
10-inch magnetic deflection kinescope. There are two 
5U4G rectifiers employed, this being the largest high- 
vacuum rectifier designed for home radios. Extremely 
heavy capacitance filtering is used, in addition to the filter 
choke. Thus a r-type filter with 120 microfarads in each 
leg is the basic B+ filter. 

In order to center the picture vertically and horizontally, 
sources of adjustable direct current must be available for 
the deflection coils. ‘This direct current is taken from the 
20-ohm center-tapped potentiometers labeled ‘horizontal 
centering control” and ‘‘vertical centering control.” Be- 
cause the deflection current flows through these resistors, 
large filtering capacitors must be used across them, or 
noticeable deflection frequency ripple will appear at the 
275-volt B+ point. 

Figure 2 shows a typical low-voltage power supply for 
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Figure 1. Circuits for providing B+ and bias voltages, and deflection coil centering 
currents, in typical magnetic deflection 10-inch television set 
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transformerless sets. Half-wave doubling and tripling cir- 
cuits are employed. The B+ power for the radio-fre- 
quency, intermediate-frequency, video, and audio ampli- 
fiers is provided through the selenium half-wave rectifier. 
The power for the audio amplifiers is taken from the first 
100-microfarad capacitor. An additional LC filter is used 
to provide the nominal 120 volts for the radio-frequency, 
intermediate-frequency, and video amplifier circuits. 

A negative source of approximately 140 volts is developed 
by means of section 7 of the twin rectifier 25Z5. This nega- 
tive voltage is used not only as bias source, but also as the 
cathode return for the sweep amplifier tubes. 

The selenium rectifier, in conjunction with section 2 of 
the 2525 rectifier and the first 100-microfarad filter capaci- 
tor, constitutes a half-wave voltage doubling circuit to de- 
velop 250 volts across the 40-microfarad capacitors shown. 
The 250 volts thus developed is usually employed to provide 
plate power for the radio-frequency high-voltage power 
supply. (This supply is discussed in a later section of this 
article.) 

When the “‘hot” side of the input line is positive with 
respect to the chassis, a maximum of approximately 163 
volts plus 250 volts, or more than 400 volts positive with 
respect to ground, is available at the plate of the 6X5 recti- 
fier. This acts as a half-wave voltage tripler, developing 
+400 volts at the 30-microfarad capacitor. ‘This 400 volts 
is used in the plate circuit of the amplifiers that drive the 
cathode-ray tube deflection plates. The 400 volts thus 
generated, together with the —140 volts previously dis- 
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Fly-back high-voltage power supply circuit for 10 kv 


Wouk—Power Supplies for Home Television 


cussed, gives a source of over 500 volts for sweep purposes. 

The B+ and bias power supplies available in virtually 
all commercial television sets designed for home use are 
variations to a smaller or greater degree of the circuits 
shown in Figures 1 and 2. 


HIGH-VOLTAGE POWER SUPPLIES 


The high-voltage power supply in a television set is re- 
quired to accelerate the beam of electrons to a high enough 
velocity so that, when the beam strikes the phosphor on the 
inside of the front face of the cathode-ray tube, light of 
sufficient intensity for satisfactory viewing is produced. In 
order to improve picture quality in terms of greater bright- 
ness, higher voltages must be resorted to. To obtain more 
light at a given voltage, the current can be increased some- 
what. However, because of the mutual repulsion between 
the electrons in the beam, the current in the beam is defi- 
nitely limited; otherwise, objectionable defocusing or large 
beam size is obtained. For proper picture definition, as 
narrow a beam as is consistent with sufficient intensity is 
required. 

At the present state of electron gun art, a thin line, on a 
cathode-ray tube screen in a home television receiver, cannot 
be obtained with currents much in excess of 400 micro- 
amperes. Because of the low current requirements, high- 
voltage power supplies other than straightforward rectified 
60 cycle are available, and these are employed in home tele- 
vision sets. 

Although 60-cycle high-voltage power supplies were com- 
mon in television sets built before 1945, 
since then the high-voltage power supplies 
have been designed to be less expensive, 
more compact, and safer in operation 
than rectified 60-cycle units. Three types 
have been developed, the flyback, the 
radio-frequency, and the pulsed power 


supply. 
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RECTIFIED 60-CYCLE SUPPLY 


The advantage of the straightforward 
rectified 60-cycle power supply is primar- 
ily great reliability and simplicity of de- 
sign. Regulation and ripple in a moder- 
ately priced unit are fair, and can be made 
as good as desired by proper transfor- 
mer, rectifier, and filter design. 

The most serious disadvantage is the 
bulk of a rectified 60-cycle power supply. 
The secondary winding of the 60-cycle 
transformer cannot be wound in produc- 
tion with wire much smaller than num- 
ber 41 gauge. This size of wire is cap- 
able of handling considerably more than 
the one-half milliampere required, pre- 
viously discussed. Thus, the transformer 
is inherently a bulky and heavy device, 
with correspondingly high cost. The 
necessary filter capacitors are also bulky 
and expensive. 

An additional disadvantage is the danger 
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Figure 4. Fly-back high-voltage power supply circuit for 29 kv, 


as used in some projection television sets 


due to the relatively large amount of energy stored in the 
filter capacitors. ‘Thus, a typical 10-kv supply will employ 
two capacitors of 0.05 microfarad each. These can pro: 
duce extremely unpleasant, even though not fatal, shocks, 
if touched when they are fully charged. 

Rectified 60-cycle high-voltage power supplies are seldom 
used in home television sets today. ‘They are employed in 
some commercial and military applications where relia- 
bility is of importance, and cost and size considerations are 
secondary. 


THE FLY-BACK SUPPLY 


The most commonly used type of high-voltage power 
supply is the fly-back power supply, employed in magnetic 
deflection television sets. This type of power supply 
utilizes the surge of high voltage generated across the 
horizontal deflection transformer when the current in the 
deflection coil is suddenly reversed to bring the scanning 
spot rapidly from one side of the cathode-ray tube to the 
other. With a primary inductance in the deflection trans- 
former of approximately 0.4 henry, and a peak-to-peak 
current of approximately 0.12 
ampere, 6,000 volts are readily 
developed. This peak voltage can 
be applied to a rectifier to charge 
up a capacitor. The basic ele- 
ments of the fly-back circuit are 
shown in Figure 3. 


The advantages of the fly-back 
power supply are related primarily 
to low cost. Since a deflection 
transformer is required for the : = 
cathode-ray tube in a magnetic 
deflection set, there is no addi- 
tional high-voltage transformer 
cost when a fly-back power supply 
is used. Extra turns on the deflec- 
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tion transformer step up the 


19,500V 
re Fodus afore-mentioned 6 kv to 9 or 
@& 1 10 kv, the voltage required 
aN for proper picture brightness 
x Sate 3 on a10-inch kinescope. One 
fatty ae turn of polyethylene-insulated 
weg No. Yor Vi wire, coupled loosely to the 
CONTROL deflection transformer core, is 


needed to energize the filament 
of the rectifier. The total cost 
added to the deflection trans- 
former because of the fact that it is being used to develop 
high voltage is below one dollar. 

Another important advantage is that a very low cost filter 
capacitor can be used. A 500-micromicrofarad capaci- 
tor of the ceramic type, rated at 10 kv, is extremely cheap 
in comparison to a 10-kv 0.05 microfarad paper capacitor, as 
required for 60-cycle rectification. Because of the high 
operating frequency of 15.75 kc, the ripple is less than one 
per cent with a beam current of 300 microamperes at 10 
kv. A final advantage of this type of power supply is 
safety, because of the small amount of stored energy in the 
low value of filter capacitance. 

The disadvantages of the fly-back power supply are not 
serious for home television set use, although they must be 
taken into consideration if a high quality picture is desired. 
The fly-back power supply has inherently poor regulation. 
The internal resistance is basically of the order of ten meg- 
ohms. ‘Thus, if the picture brightness should change so as 
to result in a beam intensity increase from 100 to 300 micro- 
amperes, the beam voltage would drop from 9,000 to 7,000 
volts, or a change of approximately 25 per cent. This 
would result in beam defocusing and an increase of picture 
size. 

A serious disadvantage accrues in fly-back supplies when 
very high voltages are required. Because of the pulsed 
nature of the high peak voltage, a rather complicated volt- 
age multiplying circuit is needed, as shown in Figure 4. 
The operation of this circuit is somewhat as follows. 

On the first high-voltage pulse, capacitor C7 is charged 
through rectifier V77. During the quiescent period be- 
tween pulses, C7 charges up capacitor C2 to the polarity 
shown, through resistors R7 and R2. When the next high- 
voltage pulse comes, the voltage previously generated across 
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Figure 6. Circuit of radio-frequency power supply for 30 kv 


Note the resonant filaments’ energizing circuits, driven by plate-cathode ca- 
pacitance coupling 


C2 adds to the pulse voltage to charge up capacitor C3, as 
shown, through rectifier V72. During the next quiescent 
period, capacitor C3 cannot discharge through V72, but 
can charge up capacitor C4 to the polarity shown, through 
resistors R3 and R4 On the next pulse, capacitor C3 is 
charged through capacitors C2 and C4 and rectifier V73. 

This voltage tripler is capable of producing 29,000 volts 
for projection tubes. The volume occupied by a voltage 
tripler of this type is greater than the volume occupied by a 
60-cycle rectifier of the same rating. However, the over- 
all cost is less than that of the 60-cycle unit. 


RADIO-FREQUENCY POWER SUPPLIES 


In television sets, radio-frequency supplies are employed 
where magnetic deflection circuits are not available, such 
as in electrostatic deflection tube sets, or where performance 
better than that obtainable with a fly-back power supply is 
required. ‘The theory of the radio-frequency power supply 
has been discussed by Schade.! Basically, the operation is 
as follows (Figure 5). 

A sine-wave oscillation of the order of 100 ke in frequency 
is developed in an ordinary radio-frequency oscillator cir- 
cuit. The tank coil of the oscillator circuit is coupled to a 
step-up transformer that increases the voltage amplitude of 
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Figure 8 (above). 
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the generated radio-frequency. In the secondary circuit 
(Figure 5), because of the high operating frequency, a high 
voltage can be achieved across the voltage step-up coil by 
resonating the circuit, rather than by depending upon high 
ratio of turns, as in a 60-cycle transformer. ‘Thus, an air 
core coil with high Q can give a very high voltage with com- 
paratively few turns (as compared to a 60-cycle trans- 
former), and without any coupling iron. 

The high voltage generated across the secondary coil is 
rectified and filtered. A single turn of wire, loosely coupled 
to the tank coil, step-up coil, and tickler coil, will absorb 
sufficient energy to heat the rectifier cathode. Because of 
the high operating frequency, filter capacitors of low value 
may be employed; 500-micromicrofarad filter capaci- 
tors are more than adequate. Figure 5 shows a typical 
radio-frequency power supply as developed for television 
use. 

The disadvantages of the radio-frequency power supply 
in television work include, among others, the problem of 
radio-frequency interference in the picture. Since a tele- 
vision video signal includes frequencies from 30 cycles to 
several megacycles, an interfering signal from a radio- 
frequency supply can show up in the picture. As the video 
amplifying circuits are sensitive to milliwatts or microwatts 
of power, careful shielding is required of the radio-frequency 
power supply circuits to prevent radio-frequency interfer- 
ence. Atradio frequencies, corona is a more serious problem 
than at 60 cycles. In order to achieve the high Q secondary 
coil of Figure 5, thin wire must be used, and air insulation is 
mandatory. ‘The thin wire represents a source of corona, 
and under humid conditions, the corona generation is 
serious. 

The radio-frequency power supply has poor regulation, 
due to impedance matching problems.! Where cost is 
not an important factor, automatic regulating circuits can 
be incorporated into the radio-frequency power supply to 
provide excellent performance. A final problem in power 
supplies of this type is that of tuning. Each radio-frequency 
power supply must be tuned separately. When coils are 
replaced, retuning is necessary. 

In radio-frequency power supplies for 15 kv or above, 
where voltage multiplying circuits are used, it is imprac- 
tical to operate all filaments by direct coupling to the oscil- 
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Figure 7 (left), Extremely compact, regulated 25-kv pulse power supply 
used in “Norelco” projection television system; the can is oil-filled 


Circuit of pulse power supply illustrated in Figure 7 
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lating circuit coil. Such multifilament construction would 
complicate tuning, and introduce excessive stray capaci- 
tance. Instead, advantage is taken of the capacitance be- 
tween plate and anode of the rectifier tubes to excite a 
resonant circuit tied across the filament of each tube, as 
shown in Figure 6. Even though the anode-cathode 
capacitance is only of the order of five micromicrofarads, 
the high inverse voltages are sufficient to drive the reso- 
nant circuit hard enough to heat the filaments properly. 


PULSED POWER SUPPLIES 


The pulsed power supply is similar in some respects to 
the fly-back power supply, in that current flowing through 
an inductance is suddenly cut off to produce a high voltage 
across the inductance coil. However, the pulsed power 
supply utilizes a separate saw-tooth oscillator, and operates 
at a frequency considerably below horizontal scanning fre- 
quency. This produces a much more efficient design than 
is available from a fly-back power supply. 

Siezen and Kerkhof? have described a pulsed power 
supply operating at 1 kc, delivering 25 kv, regulated, for 
television purposes. ‘The over-all size of this unit is seven 
inches by seven inches by four inches, as shown in Figure 7. 
Because of the low frequency of operation, operation under 
oil is feasible without loss of Q. At 1 kc, the frequency is 
still so much greater than 60 cycles that the filter capaci- 
tors are small enough to represent a nonhazardous amount 
of stored energy. 

Figure 8 is a diagram of the complete pulsed power 
supply employed in the North American Philips Company 
Protelgram system. ‘The triode section of the 6SR7, in con- 


junction with 77, constitutes a blocking oscillator to de- 
velop a 1-kc saw-tooth wave. This saw-tooth wave is 
applied to the grid of the 6BG6G pentode amplifier. In the 
plate of this tube is an inductance $7. When the sawtooth 
is building up, current builds up through $7. When the 
sawtooth takes its sharp drop, the current through 7 is cut 
off suddenly, producing a high peak voltage at the plate 
of the 6BG6G. This voltage is stepped up and subsequently 
rectified and tripled, by means of the three rectifiers and the 
three capacitors shown inside the dotted section. 

Because the high-voltage wave form generated is a 
moderately damped sinusoidal oscillation, instead of the 
single positive sharp pulse of Figure 3, a straightforward 
Greinacher* voltage tripler circuit is possible, resulting in 
considerably fewer capacitors than in the fly-back tripler; 
no leakage resistors are needed. (This is also the case for 
radio-frequency power supplies employing voltage multi- 
plying circuits.) 

The advantages of the pulsed power supply are compact- 
ness, ease of regulation, lack of radio-frequency interference, 
and safety. Disadvantages are comparative costliness of 
the complete unit, due to the extra tubes and coils required. 
Despite the costliness, this power supply is used extensively 
by projection television set manufacturers. 
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Equipment for Instrument Calibration 


BEVEREDLT ASGLL BERT 


HE USE of increasing 

numbers of electric meas- 
uring instruments in industry, 
research laboratories, and the 
various military services has 
created a need for a method of 
convenient and accurate in- 
strument calibration in addi- 
tion to periodic service check- 
ing. The three instrument 
calibration equipments described in the following para- 
graphs were designed to calibrate all types of measuring 
instruments now in use and to anticipate future require- 
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Three types of calibration equipments have been 
developed which will find ready application as 
complete self-contained multiranged laboratory 
standards with power supplies. The standard- 
ized output currents and voltages obtained from 
these equipments can be applied to laboratory 
instruments and to the production testing of small 
numbers of diverse measuring instruments. 


Gilbert—Instrument Calibration Equipment 


ments. As three  self-con- 
tained units, they supplant 
the assortment of various 
range instruments, standard 
resistors, decade boxes, and 
variable-frequency power sup- 
plies that have been pre- 
viously required to calibrate 
even the most common types 
of electric instruments. 

Since electric instruments are both the tools of modern 
research and the indicators of most electric equipment 
operation, their application is so wide and varied that 
many problems arise in the design of a single set of equip- 
ment to calibrate all types. For example, in d-c measuring 
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types it is not uncommon for self-contained instruments, 
galvanometers, and chopper amplifiers to have full-scale 
voltage ranges from one microvolt to 1,000 volts, or full- 
scale current ranges from one microampere to 100 amperes. 

A-c measuring instruments may have full-scale ranges from 
ten microvolts to 1,000 volts or 100 microamperes to 100 
amperes, with many special instruments exceeding these 
ranges. The rated frequency of common a-c instruments 
usually ranges between five cycles per second and 60 mega- 
cycles per second, whereas the frequencies used in power 
transmission range only from 50 to 1,600 cycles per second. 
The common instruments for power application are of the 
iron vane or electrodynamic type and are usually frequency 
sensitive, thus requiring that the output frequency of the 
calibration equipment be readily adjustable to the rated 
frequency. 

Calibration equipment in general must be of a higher 


Es a 


Figure 1. Self-contained equipments for instrument calibration 


order of accuracy than the instruments to be calibrated. An 
acceptable ratio is about five to one. If the maximum per- 
mitted deviation from true value for an instrument being 
tested is two per cent of full scale, the maximum deviation 
from true value of the calibration equipment on any range 
would be about one-half of one per cent of full scale or 
better. 
per cent require calibration equipment with a maximum 
deviation from true value of one-tenth of one per cent. 


Likewise, instruments accurate to one-half of one 


The three instrument calibration equipments shown in 
Figure 1 were designed to meet the foregoing requirements. 
The unit at the left is a self-contained secondary standard 
for calibrating d-c instruments. This unit will calibrate 
most common d-c instruments to one-half of one per cent. 
The center unit is a d-c dual potentiometer standards 
equipment. ‘The accuracy on all ranges of this unit is one- 
tenth of one per cent of the reading. The use of calibra- 
tion cards results in an even higher order of accuracy: The 
unit at the right in Figure 1 is a standards equipment for 
use in the calibration of a-c instruments. The accuracy of 
this equipment is one-half of one per cent. f 

The cabinets for the three units are of sheet steel finished 
in gray wrinkle enamel and are 61 inches long, 32 inches 
wide, and 59 inches high. Weight of each unit is approxi- 
mately 900 pounds. A linoleum-covered counter is pro- 
vided for a convenient work table with leg space underneath 
the center portion, so that measurements can be made while 
sitting. Operator protection on all ranges above 150 volts 
is provided by means of a removable transparent plastic 
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hood which covers both the instrument under test and the 
voltage output terminals. All entrances to high-voltage 
compartments are equipped with interlock switches, which 
cut off the input power source when the doors are opened. 
Internal heaters prevent moisture condensation in humid 
climates. 

All three units are designed to operate from an a-c 
power source of 110-120 volts having a frequency within the 
range of 50 to 1,600 cycles per second. 


D-C INSTRUMENT CALIBRATION EQUIPMENT 


All the circuits used in the d-c instrument calibration 
equipment are conventional and are conveniently set up by 
means of selector switches. The circuits are of two non- 
connected groups—one group for current calibration and 
the other for voltage calibration. This arrangement was 
selected so as to allow a-c wattmeters of the electrodynamic 
type to be calibrated by the d-c method. 

The current circuits used consist basically of a storage 
battery, an adjustable series resistor, and a special Weston 
Model 273 ammeter. A 100-ampere 100-millivolt shunt in 
series with the output leads allows standard voltages down 
to one microvolt to be obtained. The selector switches 
change the battery voltage, the adjustable resistors, and 
instrument shunt to cover ranges from 7.5 milliamperes 
to 150 amperes. 

The basic voltage circuit for d-c voltmeter calibration 
consists of fine and coarse variac controls, an electronic 
rectifier, voltage dividing networks, and a multirange 
standard voltmeter. The voltage ranges covered are from 
0.075 to 1,500 volts full scale. A decade box and series 
resistor are used to standardize small currents in the range of 
0.75 microampere to three milliamperes. 

For an over-all calibration accuracy of one-half of one 
per cent, Weston fan-type moving-coil d-c instruments are 
used. For applications calling for one-tenth of one per cent 
accuracy, the circuit positions of the standard ammeter and 
standard voltmeter are taken by two Leeds and Northrup 
type A Brooks potentiometers with a precision Leeds and 
Northrop shunt box and a volt box. 


A-C INSTRUMENT CALIBRATION EQUIPMENT 


In the a-c instrument calibration equipment, multirange 
instrument current transformers and potential transformers 
provide the necessary standard voltages and currents. 
These transformers are energized by means of a variable- 
frequency electronic power oscillator. The output fre- 
quency range of the power oscillator is 50 to 1,600 cycles. 
The higher frequencies are necessary to calibrate instru- 
ments used by the aircraft industry. The potential and 
current transformers have been designed to accurately cover 
this wide frequency range. 

The voltage and current output of a-c calibration equip- 
ment must be free of harmonic distortion. For the a-c 
calibration equipment shown above, a conventional Wein 
bridge oscillator circuit was designed with component values 
adjusted for minimum distortion. This oscillator drives a 
power amplifier in which is incorporated a large amount of 
negative feedback. The power amplifier in turn energizes 
the current or potential transformer. 
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Study of Primary Networks at Pittsburgh 


W. P: HOLBEN 


FELLOW AIEE 


HE 4-KV PRIMARY NETWORK type of distribu- 

tion system has been used successfully in the Pittsburgh 
area since 1931, when the Verona-Oakmont network was 
placed in service. A new 4-kv primary network installation 
for the Squirrel Hill area has been installed utilizing the 
modern equipment that is now offered by manufacturers. 

The Verona-Oakmont network has three 1,500-kva trans- 
former units supplying an area of about 4.7 square miles. 
Each network unit is equipped with a 4-kv transformer oil 
circuit breaker with network relaying, three single-phase 
induction bus regulators, and automatic 4-kv oil circuit 
breakers on the tie mains. ‘These mains are 1/0 open wire 
lines with cable connections to the breaker cubicles. The 
22-kv single radial connections to the network units are made 
with open wire extensions and underground cable to a 3- 
position switch on the network transformers. For the pur- 
pose of obtaining experience with various types of installa- 
tion, one unit was installed underground, one in a small 
building, and one outdoors. 

The peak load on this network has increased from about 
1,300 kva in 1932 to almost 4,000 kva in 1947. A study is 
being made relative to the addition of afourth unit. The 
operating experience with the network has been quite 
satisfactory. Flexibility in operation and ease of obtaining 
outages for maintenance and testing have been proved. 
Week-end outages and the planning of equipment outages 
long in advance are unnecessary. It has been difficult to 
maintain the unit that is installed underground and this 
type of installation is considered undesirable. 

During 18 years of operation, there have been no interrup- 
tions to load due to inherent conditions of the network. 
There have been total network outages, but they were due 
to system conditions which would have resulted in distribu- 
tion load interruptions if the circuits had been radial. 
Faults on station equipment have not resulted in any out- 
age to load. Distribution circuit faults have been cleared 
in all cases without outage to other than the faulted circuit. 

When originally installed, the Verona-Oakmont net- 
work operated without compensation in the regulating cir- 
cuit. Circulating currents flowed which caused repeated 
opening of the bank breaker at one of the units by operation 
of the network relay. Inverse reactive compensation was 
added to correct this condition. Resistance compensation 
was added later, as loads increased, to provide nearly con- 
stant bus voltage. Tests show a favorable balance of load, 
regulated voltage, and power factor of load current with 
compensator settings of R-13 and X-24 and less favorable 
results for other compensator settings. 

A second network has been installed. The new fea- 
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tures in this, the Squirrel Hill network, as compared with 
the Verona-Oakmont network include the following items: 


1. Larger and more economical size unit, that is, a 3,750-kva unit 
instead of a 1,50C-kva unit. 


2. Regulation by means of tap changing under load in place of 
induction regulators (inverse reactive compensation, however, is pro- 
vided for both systems). 


3. Air circuit breakers instead of oil breakers for 4-kv switching. 


4. Elimination of 4-kv potheads in circuit breaker cubicles by using 
rubber-insulated cable for connections to 4-kv circuits. 


5. Factory-built unit-type equipment. 


6. Alley locations for two out of three unit installations. Ground 
space at the third site accommodates the mobile unit substation. 


Advantages of the 4-kv primary network type of distri- 
bution are covered by the following summary: 


1. Test results and operating experience confirm the effectiveness 
of inverse reactive compensation to provide satisfactory division of 
load between network units, to improve stability, and to reduce 
circulating currents. 


2. An 18-year performance record for 1931-1948 of the Verona- 
Oakmont 4-kva primary network system provides convincing evidence 
of a high degree of service reliability. 


3. The primary network is attractive from a system cost point of 
view, provided conditions in the area to be served include reasonably 
uniform load density, substantial overload relief requirements, and 
the need for a high degree of service reliability. 


4. The interconnected mains between network substations, which 
provide 2-way service to all loads, permit maintenance without pre- 
arranged switching or outage to any customers. Only extended unit 
outages require the use of the mobile unit substation. 


5. The Squirrel Hill network will be equipped with modern network 
units of the factory-built package type. These units will be cable 
connected and completely metal-clad, and have been selected with 
consideration for economical size. 
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Planned Development of a Power System 


N. N. SMELOFF 


ASSOCIATE AIEE 


1 THE present rapid expansion and future development 
of electrical utility systems, ‘‘economic workability,” or 
economic justification, is the primary criterion of good or 
bad system design. ‘Operating workability,” that is, op- 
erating performance, is no longer a problem. 

Aggressive action is necessary to retain the present favor- 
able position of the electrical utility industry in the relation 
of cost of its service to cost of other commodities and serv- 
ices. Sales organizations are challenged to provide a con- 
tinually increasing volume of business and planners of system 
development are challenged to devise a set of patterns that 
can be used to provide in a continuous and harmonious man- 
ner the additions necessary to obtain greater capacity and 
economy in operation. 

Each step of development must leave the door open for 
further steps without causing untimely obsolescence of 


still-useable facilities and without overbuilding. The 
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Figure 1. Application of pattern for increasing capacity of 12-kv system in Pocono-Hawley region 


various component parts of the system must be correlated 
with each other to avoid providing a higher relative degree 
of reliability in any one link than can be justified by the 
rest of the chain. Service must be of the quality of volt- 
age level and continuity to promote uses of electricity. 
These general thoughts are used in the development of 
the Pennsylvania Power and Light Company. This 
system covers an area of 9,500 square miles in central 
eastern Pennsylvania with a widely dispersed population 
and relatively few large communities. The area is now 
served by a network of over 1,200 miles of 66-kv lines. 
Peak load is over 650,000 kw and the system is intercon- 
nected with neighboring systems. 
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often frequent and severe in many parts of the territory. 

The patterns of development utilize four standard system 
voltages. Careful reappraisal shows these are adequate and 
economical for indefinite expansion with greater loads. 

Expansion of carrying capacity of lines follows the general 
pattern of “making the receiving end today into the sending 
end tomorrow,” illustrated for a 12-kv situation in Figure 1. 
This pattern continually reduces the distance power is 
transmitted at each voltage, by addition of higher-voltage 
sources. It is important to recognize the proper time to 
introduce a new source instead of adding lower-voltage 
circuits that will not be fully useable after the new source 
is provided. 

Fitting in with this pattern for expansion of line capacity 
and supplying to customers directly from all standard 
voltages except 220 kv, voltage is controlled by raising or 
lowering the entire system level to fit the load by means 
of generating stations, 
synchronous condensers, 
switched capacitors on 
12- and 4-kv feeders, and 
load ratio control at 
points of step down from 
220 kv. Substation lay- 
outs recognize the two 
independent basic func- 
tions of transformation 
and switching and pro- 
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of generating capacity, 
the aim is selection of op- 
timum conditions for the 
prime function of the effi- 
cient production of elec- 
tric power, economically 
co-ordinated with the 
load characteristics of the 
interconnected systems 
and independent of strictly local requirements of voltage 
control and area protection. 

Continuity of service must be co-ordinated with the cost 
of providing it and the revenue received. The degree of 
continuity of service does and will continue to follow closely 
the population and load densities. The patterns estab- 
lished contribute to planned improvement of continuity, 
making full use of operating workability to attain correla- 
tion of reliability of all system components. 
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Quality Control as a Management Method 


A. V. FEIGENBAUM 
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NGINEERS, _ scientists, 
and statisticians, until re- 
cently, have been the groups 
chiefly interested in activity 
called ‘‘quality control.” 
These technologists have been 
primarily interested in the 
technical methods which have 
become associated with the 
subject. They have applied 
these same methods to a number of factory quality problems. 
Excellent results in improving quality and reducing costs 
are now being reported from these applications. These 
reports have generated growing interest by other members 
of management in the potentialities of ‘quality control.” 

What, these other management people are asking, is 
meant by the term, “quality control?” Is there anything 
really new about it? What are the quality control ac- 
tivities? What is the proper organization for quality con- 
trol? How much does the program cost, and what benefits 
can result from it? 

Is quality control good only for mass production, or may 
it be useful in a job shop as well? What does quality con- 
trol mean to the foreman, to the design engineer, to the 
salesman? How is quality control introduced to a factory? 

Discussion of questions such as these is the objective of 
this article. It will endeavor to present quality control as a 
management method; the article will not be primarily con- 
cerned with technical approaches, about which there is a 
growing wealth of literature. 


THE GOAL OF PRODUCT QUALITY 


Management’s product quality goal may be simply stated. 
[t is to manufacture a product into which quality is built 
and maintained at the most economical costs which yield 
full customer satisfaction. 

Such a goalisnotanewone. Industrial history records a 
wide variety of plans developed by management to meet 
its product quality problems. Operator education, fore- 
man training, inspection in the sense of sorting the “bad” 
pieces from the “good,” preventive maintenance are a few 
of the more recent instances of such programs. While the 
term, quality control, was not usually applied to these plans, 
the control of quality was their major objective. 

The one certainty about quality problems is that their 
content will change with the times. Results from these 
earlier versions of quality control are, in many plants, no 
longer adequate to meet management’s quality objective. 

The quality of products placed in the hands of customers 
Full text of a conference paper presented at the AIEE Summer General Meeting, 
Swampscott, Mass., June 20-24, 1949. 
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As a consideration of quality control as a manage- 
ment method, rather than a discussion of the 
technical approaches to the subject, this article 
points out that improved product quality, re- 
duced manufacturing losses and costs, and better 
product designs are among the benefits which 
management can gain from a modern, co- 
ordinated quality control program. 
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generally has been good. The 
price manufacturers have paid 
to support this quality grade, 
however, has been excessive. 

Neither this quality nor this 
cost picture is satisfactory. 
The present era of increas- 
ingly aggressive competition 
will not permit a plant to 
have a quality record that is 
only “relatively” good. Its record must be very good. 
With cost reduction a primary aim of management, this 
quality improvement cannot be accomplished simply by 
means of expenditures that will boost the already high 
quality costs. The job must be done in many instances at 
less, not more, cost. The quality control job facing manage- 
ment today requires, therefore, a double-barrelled solution: 
A considerable improvement must be effected in quality of 
those products which require such improvement; at the 
same time, substantial reduction must be made in the costs 
for supporting and improving the quality of these products. 

Why have these quality problems becomes so serious to- 
day? What are the industrial changes that have caused 
them to arise? ‘Two developments of the past decade have 
impelled management to search for improvements in its 
older quality control methods. 

The first development is a technical one. Customers’ 
quality requirements have become far more precise than 
ever before. ‘The relay that was acceptable in 1939 must 
perform with much greater accuracy today if it is to serve 
certain portions of the modern market. ‘The machined part 
that once was checked with a pocket scale must now be 
measured with a pair of micrometers or even an air gauge. 

Material specifications have become more rigid. ‘Tool- 
ing has become a more critical factor. ‘‘Intangibles”’ like 
dust in the air and humidity have become both extremely 
tangible quality problems and the objective of elaborate 
safeguards. Many prewar methods for producing and 
measuring quality no longer meet present standards. 

The second development is a matter of human relations. 
Plant expansion and war turnover wrought many changes in 
once stable work groups. Green operators are still the rule 
of the day in many shops. The road back to the pride of 
workmanship, that is the core of any successful quality 
control program, is one that is neither found automatically 
nor travelled overnight. 

Most product quality responsibilities were once the ex- 
clusive province of the foreman. Some of these responsi- 
bilities are now widely scattered among many factory 
specialists. Poor quality of a part may be due to unsatis- 
factory specifications written by the design engineer, to 
faulty procurement by the purchasing agent, to inadequate 


1069 


testing by the laboratory technicians, to unsuitable process- 
ing equipment installed by methods engineering. With 
modern organizational practice, quality control may no 
longer be exclusively pinned down to the team of the factory 
foreman and the old 100 per cent “‘sort the bad from the 
good” inspection department. 

Management’s objective of better quality at lower cost 
is, therefore, complicated by the double-barrelled problem 
of demand for greater product precision on the one hand 
and by the issues rising from more involved human relations 
on the other hand. Is management’s quality objective 
attainable under present industrial conditions? 

Practical experience has shown several instances where 
just such an objective has been obtained by management 
with a practical, common sense program of modern quality 
control. To illustrate such a program, the experience of 
the ““X Company” will be cited. X Company is taken to 
be representative of a typical present-day industrial concern 
and its experience with quality control will be brought out 
by the discussion of several questions. 


I. WHAT IS THE DEFINITION FOR QUALITY CONTROL? 


Suppose that management of the X Company decides to 
establish a quality control program. It will want first to 
outline the scope and responsibilities of the new activity. 
How is quality control to be defined? 

Management may immediately encounter a difficult 
problem. During the past several years, the term “quality 
control” has been applied to most of the proposals that have 
been advanced for improving product quality and for re- 
ducing the cost of its maintenance. ‘The activity has come 
to have almost as many definitions as there have been sys- 
tems proposed for its use. 

Is quality control to refer to a series of sampling inspection 
methods? Is it to designate the troubleshooting of factory 
reject problems? Is the activity to be made synonymous 
with industrial statistics? 

These definitions refer to individual methods for con- 
trolling quality. X Company management rejects them as 
being too restrictive. 

It conceives of quality control as the over-all, factory- 
wide program for attaining management’s quality goal. 
Such a broad program includes many of these individual 
methods, to be sure, but its primary function is the organiza- 
tion and administration of these several methods. 

X Company management wants its definition for quality 
control to mirror this administrative point of view. It 
accepts one such as the following: 

Quality control is the X Company system for co-ordinating the 
quality maintenance and quality improvement efforts of the various 
groups in the organization so as to enable production at the most 
economical levels which yield full customer satisfaction. 
Maintenance of tools so that they will produce satisfactory 
parts is believed by X Company to be a quality control 
activity. So is the periodic check of thread gauges, the 
analysis by draftsmen of tolerance-buildups, the use of ma- 
chine floor inspectors, the determination of the accuracy of 
machine tools, the use of sampling inspection plans. 

A popular, slogan-like version of X Company’s definition 
might be used. It states that, “‘Quality control means co- 
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ordinating the job of making the product right the first time 
at the best cost, which enables full customer satisfaction.” 


II. WHAT IS NEW ABOUT QUALITY CONTROL? 


Is there anything genuinely new about modern quality 
control as conceived by the X Company? Does it merely 
represent a new label applied to the reshuffling of well- 
known techniques? 

Modern quality control differs from earlier versions of the 
activity in two important respects. 

First, modern quality control integrates the usually 
unco-ordinated approaches to control of quality into an over- 
all program for a factory. Quality control activities have, 
like Topsy, “‘just growed”? during the past decade. The 
value of an over-all, co-ordinated plan in place of sprawling, 
disjointed activities is well known in factory administration. 

This organization of effort is extremely important, if 
not a single new quality control method is added to the 
factory’s program. It is even more important if new tech- 
niques like the control chart are employed. 

The second respect in which modern quality control is 
different is just this: it may use in its programs a number of 
new techniques for dealing with, measuring, and thinking 
about the increased emphasis upon precision. Statistics is 
one of the most useful of these methods. Modern gauging 
practice is another. 


III. WHAT IS A QUALITY CONTROL PROGRAM? 


Now that the hypothetical X Company has agreed upon 
its philosophy of quality control, its next step is the develop- 
ment of actual quality control activities. 

“Our long-range objective is a complete quality contro] 
program for our shops,” states X Company management. 
*‘Let’s start by developing such a program for one of our 
products—an electric snapper.” 

What is this complete quality control program?. What 
methods are used in the program? Are its activities con- 
fined to inspection work? Are the production and engi- 
neering groups involved? Answers here depend upon the 
determination of still more basic questions: What affects 
the quality of the electric snapper? Where is it affected? 
During design? During machining? In final assembly? 
How is the quality affected? Who affects it? 

Those factors which may have important effects on 
snapper quality must be controlled if management is to at- 
tain its quality goal for the product. It is the consolidation 
into an over-all program of various techniques for this con- 
trol which constitutes a complete quality control program. 

The X Company electric snapper passes through many 
hands and processes before it is finally received by the cus- 
tomer. It is merchandised by a marketing group which 
broadly establishes the product specifications. It is de- 
signed by an engineering group which turns these require- 
ments into actual factory standards. 

Its materials are procured by a purchasing group which 
has an important effect in determining the quality of these 
materials. The jigs, tools, and fixtures for its production 
may be developed by a methods group. Parts are manu- 
factured and assembled by a production group. 

Materials and life-test performance may be approved by a 
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laboratory group. Conformance to standards is checked by 
mechanical inspection and electric test groups. The con- 
tainer in which the snapper will be transported may be de- 
veloped by a packaging group. The product is placed in 
its container by a shipping group. 

Quality of the electric snapper may be affected at several 
of these stages in the production process. It may be af- 
fected by human beings—operator carelessness, inadequate 
supervision, poor design, unsound specifications by the sales 
manager. 

It may be affected by mechanical factors—inaccurate 
machine tools, decrepit jigs and fixtures. It may be af- 
fected by natural causes—dust in the air which coats over 
the snapper contacts, excessive humidity which causes 
chemical action on the parts. 

So a complete quality control program starts with the de- 
sign of the electric snapper and does not end until the snap- 
per is placed in the hands of a customer who is satisfied with 
it. The activities to support this program fall into four 
natural classifications, which are 


The control of new designs and new products. 

The control of incoming purchased parts and materials. 

The control of parts from machines, processes, and assembly lines. 
The conducting of special tests of factory and processing problems. 


mewn 
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These four quality control activities gear directly into four 
major stages of producing the electric snapper and each of 
them is supported by definite routines. ‘These routines are 
approved by X Company management in accordance witha 
definite plan. They are part of factory practice just as are 
production control or cost control routines. The existence 
of these routines and their integration into an over-all system 
is the very heart of electric snapper quality control. 

There is a definite approach at the core of these quality 
control routines. It is that of preventing rather than cor- 
recting poor quality after an article has been manufactured. 

Another major feature of the activities is their positive 
effect in building up operator responsibility for and interest 
in product quality. In the final analysis, it is a pair of 
human hands which performs the important operations af- 
fecting product quality. It is of paramount importance to 
successful quality control that those hands be guided in a 
skilled, conscientious, and quality-minded fashion. 


IV. IS QUALITY CONTROL GOOD ONLY FOR 


MASS PRODUCTION? 

Suppose that the X Company decides to establish quality 
control programs for products other than the electric snap- 
per. Will this same framework of activities be applicable 
to these products? Is it useful for large apparatus as well as 
small devices, for items built in mass quantities as well as 
those produced in job lots? 

In the company which carries on both design and manu- 
facture, roughly similar steps must be followed for all prod- 
ucts. The articles must be designed, materials must be 
purchased, parts must be produced, these parts must be 
assembled together. A similar quality problem exists at 
each of these production stages, no matter what the nature 
of the product or the quantities in which it is to be built. 

In mass production operations, product quality can be 
effectively controlled by types of parts, since all parts will 
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be the same. However, in job-lot manufacture, the parts 
differ from job to job, and only the process by which they 
are produced is common to all types of products. 

Therefore, in mass production manufacturing, quality 
control activities center on the product, while in job-lot 
manufacturing, it is a matter of controlling the process. So 
the philosophy, framework, and routines may remain com- 
parable for all products. Individual quality control meth- 
ods used will vary, however, from product to product. 


V. HOW DO STATISTICS RELATE TO MODERN 
QUALITY CONTROL? 


A wide variety of technical methods is available to the X 
Company for use in its quality control program. 

Industrial statistics is currently the most widely heralded 
of these methods. ‘The statistical approach may be simply 
summarized: Variation in quality characteristics (inner 
diameter of bushings, hardness of studs, viscosity of varnish) 
must be expected among all processed parts, assemblies, 
and batches. This variation may be studied best by the 
selection and analysis of small samples of these parts and 
assemblies. 

These sample studies may determine, for a given part or 
material, the amount of variation that is economically ac- 
ceptable. They may aid in holding the variations occurring 
during product manufacture to these economic limits. 

Four statistical techniques may be useful to X Company 
in this work: 


1. The frequency distribution, which is a tally of the number of times a 
given quality characteristic occurs within a sample of product. As a 
picture of the quality represented by the sample, it may show at a 
glance: 

(a). The average quality. 


(6). The spread of the quality. 
(c). The comparison of the quality with specification requirements. 


The frequency distribution may be used in such instances as the study 
of the amount of deviation among batches of foundry sand, and the 
analysis of the variability in the performance of relays at preshipment 
electrical test. 


2. The control chart, which is an hour-by-hour or day-by-day graphical] 
comparison of actual product quality characteristics with limits re- 
flecting the ability to produce as shown by past experience on the 
characteristics. When the graph’s curve approaches or exceeds the 
limits, process change is indicated which may require investigation. 

The control chart is useful in such applications as the maintenance 
of a continuing check on the quality of articles produced by machine 
tools and painting equipments. 

The chart also may furnish a valuable record of tool wear or other 
forms of process shifts. 


3. The sampling tables, which are a series of schedules for representing, 
at a given risk, the quality (usually expressed in per cent defective 
terms) of an entire lot from a sample properly selected from that lot. 

Sampling tables have been useful in some of the more highly 
publicized quality control jobs. They are of value in replacing ex- 
pensive 100 per cent sorting, and in the establishment for new prod- 
ucts of inspection procedures which strike a balance between quality 
protection and inspection economy. 


4, The special methods, which comprise such techniques as correlation, 
significance tests, and analysis of variance. These methods have been 
hewn, for industrial quality control use, out of the general body of 
statistics. 

Special methods are useful in many analyses of engineering designs 
and process troubles. Will experimental grid A have a better effect 
on electronic tube performance than will experimental grid B? Is 
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hardness of the metal the cause of the breakage of screws being 
assembled to silicon steel covers? Is furnace temperature a critical 
factor in causing variations in casting quality, while metal and furnace 
atmosphere are relatively unimportant? 


Several applications of these statistical techniques have 
developed into full-fledged technical methods. Machine 
operation accuracy studies are basically a special adaptation 
of the frequency distribution. 

The object of machine operation accuracy studies is to 
determine the amount of variation that must be normally 
expected from a machine tool operation under a given set of 
circumstances. With these machine conditions—tooling, 
materials, coolant—held constant, a sample of parts is pro- 
duced. The sample then is examined by means of a fre- 
quency distribution analysis. 

The conclusions of this analysis may be compared and 
consolidated with two or three similar studies on the same 
machine. The final results may be phrased as follows: ‘‘Ma- 
chine 112 has an operation accuracy of +, —0.004 inch 
on a cut-off operation, on XB3 brass, using as tooling... .” 
With this knowledge, the planning engineer can route metal 
working jobs to machines best suited for handling them. 


VI. ARE STATISTICS THE ONLY QUALITY CONTROL 
TECHNICAL METHOD? 


Statistics are an important technical method. But X 

Company also will require many other technical methods to 
support a complete program of the four quality control ac- 
tivities. Here are some examples: 
1. Machine tools, processing equipments, jigs and fixtures inevitably 
will wear under constant use. The resulting loose bearings and worn 
pins may cause poor quality products. A program of preventive 
maintenance may be an important quality control method, since it en- 
ables a regularly scheduled examination of processing facilities before 
they break down. 


2. Production conditions may result in operators ‘“‘taking all the 
tolerance’? that is permitted by parts drawings. Difficulties may 
develop in assembling these parts that had not been visualized when 
the product was on the drafting board. Tolerance analysis is a basic 
quality control method, because it establishes an organized means 
for determining tolerance buildups while the product is being designed 
and developed. 


3. Parts may be presented for inspection at a time when the inspector 
does not have proper gauges either available or accessible to him. 
Examination of the product may be after the tenth operation, when 
it may be the third operation that is critical and troublesome. Jn- 
spection planning is a quality control method which establishes the 
quality and location of the required types of inspection before active 
production has started, It assures the presence of suitable gauges and 
fixtures, Hit or miss inspection procedures are thereby minimized. 


A host of other quality control technical methods might 
be noted if space were to permit. Among these methods 
are those useful for product planning and merchandising, 
in the establishment of guarantees and specifications; in the 
trouble-shooting of factory rejects and field complaints, and 
in the control of tools and gauges. 


VII. WHAT IS THE ORGANIZATION FOR 


QUALITY CONTROL? 


With statistics as well as many other methods available 
for use in the four quality control activities, the importance 
of adequate organization of the quality control program is 
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obvious. ‘The objective of such an organization for X Com- 
pany is the establishment and maintenance of these quality 
control activities. 

The wide scope of the quality control organization re- 
quired becomes apparent from the many phases of the pro- 
duction process affected by these activities. With so many 
scattered threads to gather together, it is easy to understand 
why the basic pattern of a successful quality control organi- 
zation for X Company must be co-ordination of the quality 
efforts of various plant groups: engineering, manufacturing, 
sales, inspection. The type of organization indicated by 
this pattern, in those companies large enough to require it, 
is a staff group reporting directly to X Company top man- 
agement and supervised by a quality control head. 

This direct line of authority is very important. Without 
it, the task of co-ordination, control, and the sometimes 
necessary education of the plant organization would be ex- 
tremely difficult. 

It is not the responsibility of the full-time members of the 
X Company quality control staff to carry on the various 
details of the quality control activities. ‘The men best quali- 
fied for this work are those in already existing line and func- 
tional groups. 

It is the quality control staff’s responsibility to administer 
the over-all program for X Company, and to co-ordinate 
the various product quality projects. One way of ac- 
complishing this co-ordination is through a quality control 
committee, headed by the chief of the quality control staff, 
and composed of representatives from each of the important 
groups which enter into the production cycle. 

This approach makes it possible to obtain the benefits 
of quality control organization with a minimum of full-time 
expense personnel. X Company, with a fifty million dollar 
annual output and a large weekly payroll, can operate its 
quality control organization with one quality control head 
and two full-time assistants. 

The actual details of X Company’s quality control or- 
ganization naturally will differ from that of other com- 
panies, due to variations in products, company size, per- 
sonalities, and product quality history. The program may 
be assigned to a quality control engineer, a quality manager, 
a quality control co-ordinator, or a quality appraisal super- 
visor. Organization of effort may be gained through work- 
ing committees, or through individual activity. The pro- 
gram may be highly technical and complex in some com- 
panies, and extremely simple in others. 

The common denominator through all these variations, 
however, is that co-ordination and control are the basic 
pattern, and that the four quality control activities are the 
functions carried on. 


VIII. HOW SHOULD A MODERN QUALITY CONTROL 


PROGRAM BE INTRODUCED? 


Without the proper attitudes among X Company’s fac- 
tory personnel even adequate methods and sound organiza- 
tion cannot assure any degree of success to its quality control 
program. These attitudes must be primarily repre- 
sented by the very intangible but very important spirit of 
quality-mindedness extending from top-management right 
through to the men‘and women at the bench. 


ELECTRICAL ENGINEERING 


Whatever is new about the quality control program must 
be sold gradually to the entire plant, so as to obtain its will- 
ing acceptance and co-operation. The statement is some- 
times made by quality control personnel that their factory 
organization “is not quality conscious,” that it is not “‘going 
along with the quality control program.” This may be 
largely an admission by the quality control people that, in 
introducing their program, they took into proper account 
only mechanical and not human factors. 

Without complete top-management support for quality 
control, of course, no degree of “‘selling’”’ can be genuinely 
effective. The quality control program which receives 
only lukewarm support from management is foredoomed 
to a hard road and, very likely, to failure. 

Experience seems to indicate that a program such as X 
Company’s should be allowed to develop gradually within 
the factory. This approach both aids in the selling activity, 
and also permits tailoring of the general routines to the par- 
ticular needs of the various shops. It often is found wise to 
select two or three troublesome quality problems, to obtain 
successful results by attacking them, and to allow the four 
quality control activities to grow step-by-step in this fashion. 


IX. WHAT BENEFITS MAY BE OBTAINED? 


When a quality control program has attained its full 
growth within a factory, it should be in a position to carry 
on, for the entire factory organization, all four of the quality 
control activities. A typical over-all quality control ap- 
plication of this sort is one for the X Company electric snap- 
per previously discussed. A brief résumé of the control on 
this device, broken down by the four quality control activ- 
ities which were carried on, is as follows: 


1. Control of new designs and products. 

While the snapper was being designed and planned, special tests 
and pilot runs located sources of possible manufacturing troubles, 
and these troubles were eliminated by design and methods changes. 

2. Control of incoming materials. 

Critical dimensions were determined and very careful checks were 
made of the first lots of parts purchased from vendors. From these, 
the degree of sampling that could be done was ascertained. Quality 
contacts with vendors were established and maintained. 

3. Control of parts from machines, processes, and assembly lines. 

Charts were set up on production lines showing how many and 
what per cent of each part were rejects, so that the factory supervisors 
could get immediate information as to the presence of quality troubles. 
Careful attention was paid such factors as preventive maintenance 
and operator education. 

4. Special studies of factory difficulties. 


If the factory supervision was unable to solve a quality problem, 
the quality control organization supplied help from the person or per- 
sons who were in a position to be helpful, whether engineering, plan- 
ning, inspection, laboratory, or others. 


4 Compared with the previous model of the snapper on 
which no such program has been carried out, this over-all 
quality control aided in obtaining a considerable im- 
provement of product quality, a reduction of 35 per cent in 
manufacturing losses, and another 35 per cent in inspection 
and testing costs. The benefits that management may gain 
from a well co-ordinated, modern quality control program 
are thoroughly represented in this electric snapper example. 
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Expressed in more general terms, they are as follows: 


Improved product quality. 

Reduced manufacturing losses and costs. 

Better product designs. 

Production bottlenecks eliminated. 

Processing methods improved. 

A better spirit of quality-mindedness developed in the plant. 


OS ON a 


ROLE OF MODERN QUALITY CONTROL 


From the foregoing discussion, it is readily apparent that 
modern quality control is not a new cure-all which over- 
night will gain for management its product quality objec- 
tives. Nor is it a substitute for good manufacturing and engi- 
neering practices that have been successful over the years. 

It is, however, an increasingly necessary management 
method to be used in conjunction with these time-honored 
procedures. It is necessary because existing, unco-ordi- 
nated, individual quality control techniques are not able to 
cope with customers’ demands for greater precision and the 
diffusion of quality responsibility; these are the two modern 
factors which have developed to affect industrial product 
quality. Modern quality control attacks these two factors 
directly through improved organization for attaining quality 
objectives, and more effective use of technical methods. 

Properly understood, properly staffed, and above all prop- 
erly organized, modern quality control is becoming one of 
the most useful of the tools available to engineers and to in- 
dustrial management generally in pursuit of their most im- 
portant objective: to manufacture products into which 
quality is built and maintained at the most economical 
costs which yield full customer satisfaction. 


Slot Antenna Applications 


Both high-speed-aircraft performance and television re- 
ception will benefit from a new type of antenna receiver 
system, according to Norman L. Harvey of Sylvania Electric 
Products, Inc., who described applications of the slot an- 
tenna before the National Electronics Conference which 
was held in Chicago, September 26-28. 

Discussing the antenna’s use with television transmitters 
and receivers, Mr. Harvey stated that it will provide a 
nondirectional signal pattern resembling a flat doughnut in 
shape. Suitable for indoor installation, the antenna is es- 
sentially a hollow metal tube with a series of narrow slots 
cut along its length. 

Physical dimensions of an antenna applicable to tele- 
vision transmission and reception are: a slot length approxi- 
mately equal to one-half wave length and a cylinder diame- 
ter of approximately one-sixth wave length. 

With regard to high-speed aircraft, antenna design has 
become an important aerodynamic factor, since all pro- 
jections from the airplane’s surface must be minimized. ‘The 
simple physical shape of the slot antenna offers less wind 
resistance than previous types. In addition, it provides a 
signal pattern well adapted to many types of aircraft radio 
applications. 


1073 


Comparing Steel and 


Wood Line Supports 


Cc. A. BOOKER 


OST HIGH-VOLTAGE LINES, ‘n keeping with the 
trend of thought at the time they were built, have 
employed steel supporting structures until quite recently. 
About 15 years ago after an analysis of various high-voltage 
lines, it was concluded that a properly designed wood line 
would give superior service from an interruption standpoint. 
Cumulative operating records starting in 1921 and in- 
volving over 3,600 interruptions to service are segregated by 
different tower and pole designs in Table I. 


range. Double circuit steel lines suffer simultaneous inter- 
ruptions to both circuits in about 60 per cent of the light- 
ning disturbances. Such double interruptions are almost 
unknown on parallel single circuit lines. 

Forest and grass fires have been a menace to untreated 
poles but have not seriously injured creosoted poles on the 
same right of way. Occasional pole shattering by direct 
strokes is an annoyance on ungrounded lines. When justi- 
fied this hazard can be avoided by installing an aerial wire 

or wires in a position to intercept 


Table I. Lightning Interruptions such strokes and divert them to 
ground through a system with ap- 
Lightning Interruptions = . 
npalse Per Hundred propriate insulation and clearances. 
Line Insulation Circuit Circuit Struct. R/W ] r re ith 
Voltage Positive Type* Mile-Years Mile Mile Mile The double Pee “a pares. My 
Kv Kv Structures Constructed Experience Years Years Years pole crossarm shown in Figure 1 has 
66 we Witt s: 28 5ae ae DCRR ie eenee 1907-1910........ 4 1240; DORN Soti AI W acres 31.7 been developed to obtain the benefits 
66° Seer. Ae Jeske: DCiS amen ne 1911-1915 eee DAC Sones 23: Da ee 28 sent 29.8 resulting from the use of creosoted 
615 Ads sobs 23, ons 25.2 ; 
LG rece Bee somo Duis tee eeenae 1924-1927........ Bo9sGaeS. oes pe a oie wood poles. Such lines have been 
66 Pee 200. wena SGWiEEXGeeann1 911-1955 qs eaeeee UE a aig Pn oe GEL hs eRe 17.8 24.0 oe ‘ * 
Rye ates, 6a0t eee. SC WP XG...... 1924-1928... snus OTS hes {7:4 Ces a aah 2 17.4 constructed with impulse insulation 
110 Seeeeterss B60" esiecun SCEST Wie 1926-1939........ Bi 150 seenee 10 eee 7.0 .14.8 in excess of 2,200 kv and work well in 
220m EYIS. » 9 Soce SCUS TE Meee 1929-1930........ 4290) PA dt DE TS sc ee 5.5 : ; 
13-6ONGeeny 1500+...... SChWEs Ee 1937\00 Ss Vane eee BAT Smee: 3 Guat 3.6 eBN6 ferrutony where ground resistance at 
(ior ne D200 eae SCs WE" lor 1930. 9 arenes (Soe ee Onecare Onis aee 0 individual structures ranges from 5 


* SC=single circuit; DC=double circuit; PT =pin type; XG=no ground; WP=wood pole; ST =steel tower. 


Impulse insulation levels can be increased substantially 
and at little expense by capitalizing on the insulating 
characteristics of wood. The exploitation of this useful 
property has made it possible to obtainsup erior perform- 
ance on modern wood lines even in the 11 to 22-kv voltage 


Bag wr epel 
Double pole 
structure for 
110,000 - volt 


line 
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to over 1,500 ohms with an aver- 
age of about 390 ohms. 

Operating experience indicates that near immunity to 
lightning can be obtained in this territory when a line 
incorporates in its design 2,500 to 3,000 kv of impulse in- 
sulation, corresponding clearances, and aerial ground wires. 

Lines operating at voltages up to 115 kv at least can be 
designed to meet these requirements without excess cost 
by taking advantage of the impulse insulating properties 
of wood. 

Table II seems to indicate that properly designed wood 


Table II. Structure Failures During Severe Storms of Lines 
Located on Adequately Cleared Private Rights-of-Way (Damaged 
and Leaning Structures Not Included) 


Date Storm Towers Poles 
Decz. 22,191 Gira cert ter Sleetuis sess de Cael cence Gic-waiamreees Stes eee 0 
April:25 1920): eraeeisne ec Sleetsi, bil oa eeissreer ts soe if Snip scuntrdere erate 0 
Nov..285) 1921) ere eee Sleet. oa s.cpale vnrevetniearene 150 ncaa tactuet cata: 3 
Nov,./285)192252 ener Sleetic Sirccniee ee tere Osseo ces eee 8 
Marchi 1.924 cern ere Sléets.. cose esaies cmamereets AT sci sutanenterLatea eae 0 
Sept. 21) 1938 ecco Hurricane tye 6.cie oa oases AGS 5 Saaavier sts Easels 0 
Sept. 14, 1944285 ee eee Hurricane j75.0peee cee Oster. Aeeteies-c 0 

Potals os sc. /c.00 sist Saige Oo See ee eee 243). cise cee cites ae 11 


transmission lines also offer structural advantages during 
severe storms because their relative flexibility eases strain 
under excessive loadings. The table is based on a.system 
having 10,000 towers and 20,000 wood pole structures. 


Digest of paper 49-173, “Comparative Performance Records—Steel and Wood Trans- 
mission Lines,” recommended by AIEE Committee on Transmission and Distribution 
and approved by the AIEE Technical Program Committee for presentation at the 
AIEE Summer General Meeting, Swampscott, Mass., June 20-24, 1949. Scheduled 
for publication in AIEE Transactions, volume 68, 1949. 
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and Wood Line Supports ELECTRICAL ENGINEERING 


Electrical Analogs of Linear Systems 


JANCE Soe GORE ET 


d Bisaie article is concerned with the problem of repre- 
senting linear vibrating systems in terms of electric 
circuits. In standard works, it is shown that a system of 
linear differential equations with constant coefficients can 
be reduced to a triangular system by use of a system of 
multipliers with a constant determinant. The use of a 
transformation of this type can result in considerable 
simplification. It is possible to alter the essential type of 
coupling appearing between loops of the electrical analog 
circuits by this means. This transformation is particularly 
valuable since it does not alter the dependent or inde- 
pendent variables, and introduces only rational functions 
of the original parameters. 

If the original system is expressed in terms of operators 
it appears as an ordinary system of linear algebraic equa- 
tions. In matrix form, this last transformation is simply 
a multiplication of this system on the left by a nonsingular 
matrix of constant determinant, that is, a set of row trans- 
formations of the original matrix. A corresponding column 
transformation of the system can be made: multiplication 
on the right by a nonsingular matrix of constant deter- 
minant. 

When the system to be analoged contains a nonlinear 
element or a simple discontinuity the realization of initial or 
boundary conditions in the analog must be given careful 
attention. Even for linear systems there is always the pos- 
sibility of obtaining simplification in the analog through 
attention to the realization of a suitable set of initial condi- 
tions. In this last connection, the following important 
fact should be pointed out. In constructing an analog it 
may be possible to avoid the necessity for exact simulation 
of an active element by proper attention to the initial condi- 
tions under which the analog is operated. 

The problem of constructing a suitable electric circuit 
analog of a linear differential system is closely connected 
with the problem of constructing a set of two terminal net- 
works of prescribed frequency response. The differential 
equations are usually given in the form 


5° fy(D)yy=05 F=1, 2, «5 2) (1) 


J=i 

with f,,(D) a second-degree polynomial in the operator 
D=d/dt and with real coefficients. It is always possible to 
reduce such a system to a triangular system 


n 
S> gi(D)yj=9; (§=1, 2, ..., 2) 
j=1 


(2) 


where g,,(D)=0 for i>, and where the g,,(D) are now in 


Digest of paper 49-166, “Summary of Transformations Useful in Constructing Analogs 
of Linear Vibration Problems,” recommended by the AIEE Computing Devices Com- 
mittee and approved by the AIEE Technical Program Committee for presentation at the 
AIEE Summer General Meeting, Swampscott, Mass., June 20-24, 1949. Scheduled 
for publication in AIEE Transactions, volume 68, 1949. 


James P. Corbett is with the Aerial Measurements Laboratory, Northwestern University, 
Evanston, Ill. 
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general polynomials of higher degree than two. The last 
equation which is in the triangular system of equation 2 is of 
the form 


&nn(D) yn =0 (3) 


an ordinary differential equation, linear and with constant 
coefficients. The initial conditions for equation 3 can be 
deduced from the system equations 1 or 2. The reduction 
to a triangular system can be accomplished for any ordering 
of the variables y, The original system can therefore be 
replaced by an equivalent system consisting of n differential] 
equations, each in a single dependent variable, of the form 
of equation 3. If arrangements are made to control initial 
conditions in a passive circuit, equations of the form of 
equation 3 have relatively simple realizations. 

Although the foregoing kind of analog is simple from a 
physical standpoint, it has the property that the coefficients 
entering into the operator polynomials, g,,(D), are functions 
of the original coefficients entering into the polynomials 
f(D). For some types of engineering applications this is 
not a desirable state of affairs and a more faithful analog is 
required. When a direct circuit representation of the 
system of equation 1 is attempted, it will usually be found 
that a relatively large number of active elements is re- 
quired. Some compromise is therefore indicated and this 
compromise can be effected by transforming the system of 
equation 1 in a judicious manner. 

The transformation by which the system of equation 2 
was obtained from the original system of equation 1 is of 
the form 


gy(D) = >> Atp(D)fo(D) (4) 


p=1 
where the elements A,,(D) are polynomials in the operator 
D with determinant | A,,(D)| constant and different from 
zero. 
A second type of transformation replaces the independ- 
ent variables y, by new independent variables, w, related 
as follows 


=>, Biy(D)wp (5) 


p=1 
with B,,(D) a polynomial in D and the determinant |Bipl a 
constant, different from zero. 

Using the two foregoing transformations it may be pos- 
sible to reduce the number of active coupling elements re- 
quired in the circuit. ‘The necessary compromise is between 
complexity in the physical realization, and complexity of 
the transformation. 

Finally it is necessary to make transformations of the 
independent variable, that is, changes of time scale, in order 
to satisfy the frequency requirements of the basic electric 
devices employed. 
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L. J. WEED 


MEMBER AIEE 


HE BOSTON EDISON COMPANY has three 

primary network installations in operation on_ its 
system supplying a total load of 43,000 kva. The first 
primary network installation went into service in 1932 to 
supply a residential load of approximately 4,500 kva in an 
area of about 5.3 square miles. This load was supplied 
with four 1,500-kva transformers rated 13,800-volt primary 
and 4,330-volt secondary installed in underground vaults 
30 feet long by 91/2 feet wide by 10 feet high. ‘The trans- 
formers, as originally installed, were connected Y-Y with a 
tertiary-delta winding but they were later rewound for 
delta-Y operation in order to put the network in phase 
with the existing radial system which is supplied from 
delta-Y connected transformers. 

In 1941, the second primary network was installed in a 
predominantly industrial area of approximately 31/4 square 
miles with a load of about 12,000 kva. This network is 
supplied by two 4,000-kva and one 3,000-kva primary 
network units with load ratio control equipment and a 
fourth bank consisting of two 1,500-kva station-type trans- 
formers without load ratio control but with single-phase 


Digest of paper 49-181, ‘Primary Network Installations of the Boston Edison Company 
System,”’ recommended by the AIEE Committee on Transmission and Distribution and 


approved by the AIEE Technical Program Committee for presentation at the AIEE 
Not scheduled for 


Summer General Meeting, Swampscott, Mass., 
publication in AIEE Transactions. 
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regulators on the 4-kv mains. These four units are all 
installed above ground and are connected delta-Y in order 
to phase with the existing system. 

The third network went into service in 1948 in a com- 
bined industrial and residential area of approximately 
four square miles with a load of about 16,000 kva. This 
load is supplied from four 4,000-kva primary network units, 
two of which are located together on an existing substation 
property; the other two are located separately on plots 
of Jand purchased for that purpose. One of the plots of 
land was bought large enough to provide for the installation 
of two primary network units; the second unit on this plot 
to be installed in 1949, Wherever possible, the primary 
network units are located relatively close to existing trans- 
mission lines in order to make these extensions short, and 
by making best possible use of the existing 4-kv circuits 
very little new 4-kv construction was required. 

The operation of the three networks has been excep- 
tionally good. The faults that have occurred on the 14- 
kv and 4-kyv cables of the network system have cleared 
satisfactorily with a minimum of disturbance. 

Studies indicate that the primary network system offers 
a reliable means of relieving existing over-loaded radial 
systems where transmission line extensions are relatively 
short and where existing 4-kv distribution circuits lend 
themselves readily to the formation of 
network mains. However, there may be 
areas in which the double-ended unit- 
type radial substation will provide a 
more economical means of furnishing 


16-8" 


CIRCUIT BREAKERS 
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the necessary relief. Therefore, any time 
load relief is required, careful engineering 
and economic study is made before any 
method is adopted. 


Figure 1. 1,500-kva primary network unit 


ELEVATION — PRIMARY NETWORK UNIT NO. 2. 
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Magnetic Ferrites for High-Frequency Uses 


FRANK G. BROCKMAN 


HE MATERIAL pre- 

sented in this article is the 
outcome of research!~* which 
was conducted in the Eind- 
hoven, Holland, Laboratories 
of the Philips Company by 
J. L. Snoek, E. J. W. Verwey, 
and others. The article con- 
cerning magnetic ferrites is di- 
vided into the following sec- 
tions: 


tions. 


1. Background of the research, with special attention to the crystal- 
lography of the ferrites. 

2. Characteristics of the materials. 

3. Applications. 


4. A new discovery made in Philips Laboratories, Irvington-on- 
Hudson, N. Y., regarding these materials. 


BACKGROUND OF THE RESEARCH 


Ferrites are nonmetals. They are chemical compounds 
of the general formula M+?[Fe,O,], where M+? is a di- 
valent metal and, in this instance, either Cu, Mg, Mn, 
Ni, Fet?, or Zn. For instance, the formula for nickel 
ferrite is Ni[Fe,O,4]. The fact that these compounds possess 
ferromagnetic properties has been known since the early 
part of the present century. Indeed, the oldest known 
ferromagnetic material, magnetite, is a member of the 
series, being ferrous ferrite, Fet?[Fe,t?O,]. Since these 
materials are chemical compounds, the electrons are bound 
by valence forces. Because the electrons are bound, the 
electrical conductivity is small. Low conductivity means 
low eddy current losses. 

It happens that of the list of ferrites given, all are of a 
particular crystal class. They all have the same crystal 
structure as the mineral spinel, MgAl,O,. Crystallogra- 
phers say then that these ferrites are “‘spinels.”” It is known 
that there are two kinds of spinels, one called ‘‘normal”’ 
and the other “‘inverse.’’ In the crystal lattice of any 
spinel there is chiefly an oxygen lattice which is face 
centered cubic and the other atoms (Ni and Fe, for instance) 
are distributed in an orderly fashion throughout the spaces 
(‘interstices’) left in this cubic lattice. This orderly 
arrangement is such that it is possible to imagine the 
smallest crystallographic unit (‘‘the unit cell’) as being 
broken down into two sets of nonadjoining smaller cubes 
asin Figure 1. Here are four nonadjoining cubes; another 
set completes the unit cell. 

The arrangement of the ions in one of these subcells is 
that given in Figure 2. Here the large circles represent 
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The outstanding advantage of magnetic fer- 
rites, which are nonmetals, is the low electrical 
conduction and, therefore, low eddy current 
losses at the higher frequencies, so that these 
materials find great usefulness in communica- 
In this article the author describes the 
development, the characterictics, and applica- 
tions of these materials. 
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the oxygen atoms while 
the smaller ones represent, 
in the mineral spinel, the 
magnesium atoms. Because 
there is one metallic ion 
surrounded by four oxygens 
arranged in a_ tetrahedron, 
this is said to occupy a tetra- 
hedral interstice. 

The other system of sub- 
cubes has the arrangement of Figure 3. Here the large 
circles and the small circles are as in Figure 2, oxygen and, 
for instance, magnesium. The black circles of intermediate 
size are, in the example taken, the aluminum ions. These 
latter positions are called octahedral positions because, if 
the total structure is considered, they lie in an octahedron 
with oxygen ions at the corners. 


In the unit cell of a spinel there are therefore 32 oxygen 
atoms, eight tetrahedral holes, and 16 octahedral holes: 
Tetra Octa Oxygen 
8 16 32 


The difference between a normal and an inverse spinel 
is in the distribution of the metallic ions over these positions. 


Figure 1. One set of subcells in spinel lattice unit cell 


In a normal spinel the tetrahedral positions are occupied 
by the divalent ions and the octahedral positions by the 
trivalentions. In an inverse spinel the tetrahedral positions 
are filled by the trivalent ions while the octahedral positions 
are occupied by both the divalent ions and the remainder 
of the trivalent ions. 


One recent discovery has been that, of the cubic ferrites, 
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Figure 2. Ar- 
rangement of ions 
in tetrahedral cell 


Figure 3. Ar- 
rangement of ions 
in octahedral cell 


most of them are inverse spinels and some are normal. 
Thus: 


(nverse: 

Tetra Octa Oxygen 
Fed! Beran Gus Oe 
Fett Fes!’ Mg, Ox. 
Fe Fe!" Mn, Oz2 
Fel Fegd™UNis; Oz2 
Fe lt Fed Fel Ox 

Normal: 

Zng Feig Oz2 


Another discovery was that the ferrites which are normal 
spinels are nonferromagnetic and those which are inverse 
spinels are ferromagnetic. Because these ferrites are all of 
the same crystal structure, solid solutions forming homogene- 
ous mixed crystals in all proportions are possible. An 
important finding has been that the effect of introducing 
the nonmagnetic ferrites into the magnetic ones in homo- 
geneous mixed crystals is to lower the Curie temperature. 

One other fact has been established. Of the ferromag- 
netic ferrites all have negative magnetostriction excepting 
one, ferrous ferrite. Of this the magnetostriction constant 
is positive. In the development of ferromagnetic materials 
a useful expression has been developed by Becker and 
Kersten’ for the maximum initial permeability: 


ik 


oot eat 
4omax 
VE 


where J, is the intensity of magnetization at saturation, 
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X is the magnetostriction constant, and E is the modulus 
of elasticity. 

This expression is considered by Snoek to require ampli- 
fication to include the effect of crystal anisotropy and he 
writes: 


pe Pat 
Vomax— NE+K 


where K is some function of the crystal anisotropy. 

Thus, to obtain a maximum initial permeability it is 
necessary to reduce both the magnetostriction and the 
crystal anisotropy to low values. 

These two conditions can be met in solid solutions of 
mixed ferrites. The magnetostriction can be minimized 
by mixing positive and negative magnetostrictive ferrites. 
At the Curie temperature magnetic anisotropy disappears 
and below this temperature, but near to it, the anisotropy 
is reduced. So by introducing zinc ferrite, this factor can 
be minimized. 

It is by these means, that is, reducing magnetostriction 
and the crystal anisotropy to low values, that high-perme- 
ability ferrites have been developed. 


CHARACTERISTICS OF THE MATERIALS 


The real advantage of these materials is obviously their 
low electrical conduction and therefore low eddy current 
losses at higher frequencies. Compared with iron, the 


Figure 4. Loss fac- 

tor versus  fre- 

quency for FER- 
ROXCUBE III 


lo 2 Ey ieee fol 
FREQUENCY IN CYCLES PER SECOND 


Figure 5, Various circuit components made with FERROXCUBE 
III cores 
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Table I. Comparison of Dust Cores With Experimental 
FERROXCUBE Cubes 


Dust Cores B aX106 cX 106 eX 105 
GYAdEID COD rise taain.e stems verors o757e DBictelepeleisthi are A DIRS cs aienaisivictate LOO aretetarerelnters 88 
Grade Giron ycetecre/a she sles ors ZO srorvaeisreteae SLU ARs caer thevwracete 139i Mayetsteteste as 31 
BIPPeCiMalOVinsees Matias et ee. ei 10s.0 o\arse sores DicOstercen is owtare est gate 51 
2-81 Mo-Permalloy............. US Soa IDGC AG rare/etaistoistale BOD pircelseneie 19 

Solid Cores 
BexrOxCube Vas wcisesie cc bicce's gnie BA SOOe nas aiatete s 15 
MOLTORCUUIELI DS 54 sow ee a ic's6.5.0' GUOSe s sete as 10 
errnxcuD@i2 etciaveveluin exeieis encore. AOE ctarsveverarceys 10 
MErroxCubers caneicce esas siecousinvas OOO meer cere 1 
Merraxcube 4ino 512 «storeys awis cae) 80 

Table II. Comparison of Dust Cores With Experimental 


FERROXCUBE Cores 


Resistivity tan by. 108 
B 

ohm-cm, 10 ke 100 ke 1 mec 
Grade: Bironeee...c slic eal are 10X10 565s Fes sie DOB erersrasterare 1, AS Diseistern os 14,000 
Grade: Garonne ngs cateeien gara.s AO XIO TE orarcewns MS 2 ever eneiersce GOO marcas 5,000 
SU Permalloyaoecisisc cls sia-sale sfece' tp ola Bae onace Pe Scone S20 e.aemners 8,000 
2-81 Mo-Permalloy............. AUK UO SB ye cire sciexs BA ceretecers iets DU Grice ere 2,700 
BexroxCubeil acs dn iieie Seciess Cand 1 OES ei Se sate 180 
Rerroxcubestb. cioviscaaiaistereiatsters oie SSL OG. Sects: atacere 168 2..2h.0% R00 NSS. ae 3 100 
ELrORCUDE: 22s rcleriscte baieit eer ore S106 Caviar SBIRE, sisharasons Di Remarc 130 
Rertoxcube:o ceciie aciscicwics sie od LT Se Ser SEG Shi cure we Wee 174 
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Table III. Typical Properties of Commercial FERROXCUBE III 
Me etnialpCrMennllttvana tl cia mel tale eile etarncilerein ever cyettceiee ciierelaidisefearee, OOO 
ee ARIE PENMICADIITY an eee Misaiee see cieitie cit cicc st eee oe te ceies ecteal', 000 
Ds ENCSISIAVILY (OLE -CON UITIGLOLS sieis /efoletelisre/v alg, eveyiie isi shaleiele\is.clsje'< slsisielaleterse ataisie.crere - -LOO 
dare SAtUDAON ADCUCtHON 2 AUSS adie aint ise) ots caistsieceioielaiaia  etaesiaite/a/n(el"s aietoLeyaciey s/s '01 55'S OOO. 
AO DOGING BLA VILY 11 wrcl. eteietdleie ares oictess tom iro) zie oe IGG ele evain eines sisiea ceelecin a 48 
R 

Losses: fl aBmt+ctef 

a 2X10-6 

c saxi0-t| up to 100 ke 

¢ 0.5X10-9 


resistivities of these materials may be 107 to 10! times as 
great. 

In Table I are given comparative data for some dust 
cores which might be used in higher frequency applications 
and several types of mixed ferrites. These mixed ferrites 
are sold under the trade-mark FERROXCUBE. The 
coefficients given are the coefficients of Legg’s equation for 
soft magnetic materials at flux densities low enough to obey 
Rayleigh’s law. These are the hysteresis coefficient, a, 
the residual coefficient, c, and the eddy current coefficient, 
e. In Table II these comparisons are continued. Notice 
in particular the resistivities. The loss factors at three 
frequencies are given also. 

The data just given are for experimental materials. 
Philips now is manufacturing in the United States and 
abroad a high-permeability FERROXCUBE of which 
the nominal properties are given in Table III. Above 
100 ke the ordinary Legg equation no longer applies, and 
until recently the graph of Figure 4 was used to represent 
the loss factor as a function of frequency. However recent 
discoveries regarding the properties of this material make 
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it necessary to revise this. The newer data in this respect 
will be found at the end of the article. 

Data for commercial FERROXCUBE III are conserv- 
ative and it is possible, using special precautions, to pre- 
pare a product with the properties shown in Table IV. 


APPLICATIONS 


These materials find their greatest usefulness at com- 
munications frequencies. They are not in general satis- 
factory substitutes for iron at commercial power frequencies 
since the saturation magnetization is lower than iron by a 
factor of about seven. At communications frequencies 
real advantages in performance and space saving are to 
be had in inductors, transformers, and so on.8-" Figure 5 


is an illustration of various circuit components made around 
cores of FERROXCUBE III. 


A NEW DISCOVERY 


One phenomena which has been noticed in some of these 
materials is that at higher frequencies the permeability 


MEGACYCLES PER SECOND 


Frequency dependence of apparent permeability and 
apparent losses for FERROXCUBE III 


iB 
— RSUS 
= VERS 


FREQUENCY 


MEGACYCLES PER SECOND 


Figure 7. Effect of dimensional resonance in FERROXCUBE II] 
upon apparent permeability 


Areas marked off are core cross sections to scale 
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Effect of dimensional resonance in FERROXCUBE III 
upon apparent loss factor 


Figure 8. 


appears to go rapidly to low values, as illustrated by 
Figure 6. This had been thought to be a manifestation 
of a resonance phenomenon occurring when the frequency 
of the applied field equals the precession frequency of the 
spins in the internal field. 


Because of certain features in the behavior of the ma- 
terial FERROXCUBE III which were not easily reconciled 
to this explanation, an investigation of the effect was begun 
at Philips Laboratories, Irvington, N. Y. The net re- 
sult of the investigation led us to predict and then to find 
a decided dielectric behavior in the material. Because of 
this dielectric behavior, displacement currents as well as 
ohmic currents flow in the core. The displacement cur- 
rents together with the current flowing in an inductor 
wound on such a core give rise to dimensional resonance 
effects. With the observed values of the permeability 


Table IV. Properties of Improved FERROXCUBE III 


fOr aoe ic Sac acim sos Ra tOging, pe Uwe lee. ohtat| 
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yay» Sere ee Se Sone ON Sac fic Slate cate te Reis | 


and of the dielectric constant, the velocity of propagation 
in the core may be such that core dimensions easily can 
be a half wave length at frequencies in the lower megacycle 
region. 

It has been found that improved higher frequency 
performance can be obtained if the dimensions of the core 
in directions perpendicular to the flux are small compared 
with the wave length. Figure 7 shows how the observed 
permeability can be maintained to higher frequencies by 
this means. The areas marked off are the core cross 
sections to scale. In Figure 8 are given loss factors for 
these same cores. 
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Waves of All Velocities 


In one dimension, a wave moving in the positive x 
direction with a velocity v is expressed mathematically by 
a function such as 


u=f(x—uvt) men.) 


where ¢ is the time. Here wis any variable associated with 
the wave motion; wu may be the pressure in an acoustic 
wave travelling down a tube, or u may be the charge on the 
wire of a transmission line, carrying a travelling electric 
wave, or uw may be a component of the velocity of the 
points of a stretched string. 

Whatever wu may be, itis quite clear that the mathematical 
expression, equation 1, makes the instantaneous configura- 
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tion of u as a function of x travel unchanged along the axis 
of x, with the velocity v. 


In general, whatever the physical system may be which 
supports the waves given by equation 1, there is a so-called 
wave equation, 


1 Su 62 


ree es (2) 
which is satisfied by the function u, and in which ¢ is a 
number which is calculated from the system independent 
of the particular wave function. 
Thus for acoustic waves of small amplitude in air, c= 
1.4p ; . 
sal where / is the mean pressure and d the mean density 
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of the air; for the electromagnetic wave, c= \ 3 » where 
eu 


e is the dielectric constant and wu, the magnetic permeability 
of the medium; and for the transverse waves on a stretched 


. ie . . 
string, yi where 7 is the mean tension, and p the 
p 


density per unit length of the string. 

It is generally believed that the combination of equations 
1 and 2 requires that v=c, and therefore c is frequently 
called the velocity of sound, the velocity of electromagnetic 
waves or light, or the velocity of transverse displacement 
waves, as the case may be. However, actually, c in equa- 
tion 2 is a material constant calculated from purely static 
measurements on the system. That v=c is only a deduc- 
tion made by humans and subject to the usual uncertainty 
of the correctness of deductions of human origin. 

For larger numbers of dimensions, as for example three, 
we still have 


u=f(x—vt, », z) (3) 


representing a wave travelling in the positive x direction 
with velocity v. Clearly, equation 3 represents a spacial 
configuration, f(x, y, z) moving with unchanging amplitude 
along the x axis with velocity v. 

Likewise, for three dimensions, we have a so-called wave 

equation, 

1 6’ 87 btu Bu 

ao aet ote ” 
where ¢ is a constant calculated from purely static measure- 
ments on the medium carrying the waves, and u represented 
by equation 3 must satisfy equation 4. 

Again, it is generally believed that for all free waves 
travelling in some particular direction, as for example 
in the positive direction of x as in equation 3, we must 
have v=c. 

This belief is particularly prevalent for electromagnetic 
waves in free space. Also, since the advent of relativity, 
the belief is particularly strong that to have v greater than 
¢ is most absolutely impossible. 

Nevertheless, it is quite possible to write down functions 
of the form equation 3 which satisfy equation 4 and for 
which v is not equal toc. Such a function is, for example, 


Qa Qa v2 
=A sin— (x—vt) cos | — e/_ — 5 
u 1 x ( ) a'r 1») (5) 


For v we may take any number greater than c, and equation 
5 will still satisfy equation 4. 

To illustrate equation 5 for electromagnetic waves, take 
an infinitely long row of long antennas each parallel to the 


z axis. Let the row be arranged along the y axis, and let 
nN 
successive antennas be : apart. Excite each 
Vv 
24-—-1 
c2 


: v 
antenna with currents of frequency ae but make the 


phases of the currents in adjacent antennas be opposite. 
Then the radiation field from this system of antennas will 
have electric and magnetic field components which are 
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closely given by equation 5 and, therefore, constitute a 
wave in free space, having a direction of free propagation, 
x, and a velocity v greater than c. 


If the reader prefers that v be less than c, then he may take 
the function 


Qa Qn 2 
u=A sin —(x—vt) cosh {| — SS 
= (x—ot) (Fy: a) 6) 


Infinitely many other functions of the form equation 3 
may be found which also satisfy equation 4 and for which 
v is not equal to c. 

We conclude than that electromagnetic waves in free 
space exist which travel respectively with any and all 
velocities, v. 

How about this? 

J. SLEPIAN (F ’27) 


(Associate Director, Westinghouse Res earch Laboratories, East Pittsburgh, Pa.) 


Lissajous Figure 


Cathode-ray oscillographs are sometimes used to compare 
waves of two alternating voltage sources differing in phase 
angle and wave form. One voltage is impressed on the 
vertical deflection plates and the other on the horizontal 
deflection plates. A figure is traced on the screen of the 
oscillograph. It is well known that when the same voltage 
is impressed on the deflection plates in both the vertical 
and horizontal axes the figure is a straight line with a 
45-degree slope. When two equal sinusoidal voltages in 
quadrature are impressed on the deflection plates, the 
figure is a circle. What well-known figure will appear on 
the oscillograph screen when the two impressed voltages 
are of the wave forms given in the following? 


e:=75 sin wt—25 sin 3 wt (1) 


€2=75 cos wt+25 cos 3 wt (2) 
A, A. KRONEBERG (F ’48) 


(Southern California Edison Company, Los Angeles, Calif.) 


Answers to Previous Essays 


Flux Linkage of an Open Circuit. The following is the 
author’s answer to a previously published essay of the fore- 
going title (EE, Nov °49, pp 984-5). 

I sympathize greatly with my Alter Ego for being con- 
fused by his friends, the electrical engineers. They do 
talk about the flux linkage of an open circuit, as if it had a 
general, and perfectly definite quantitative meaning, 
whereas a consistent, contradiction-free definition of flux 
linkage, suitable for electromagnetic theory, can be given 
generally only for a closed curve or circuit. 

That contradiction-free definition is that the flux linkage 
of a closed curve is the integral of the normal component 
of the magnetic flux over a simply-connected 2-sided 
surface bounded by the closed curve. If the curve is not 
closed then it does not bound any 2-sided surface, and 


there is no flux linkage. (Careful, Alter Ego! I do not 
mean here that the flux linkage is zero. What I do 
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mean is that the flux linkage is undefined and meaning- 
less.) 

Maxwell’s equation, expressing Faraday’s law of electro- 
magnetic induction, given in modern vector analysis form is 


Curl k= = (1) 


where E and B are defined relative to some definite frame 
of reference. 

“Curl” is a differential operation which can be defined 
independently of arbitrary co-ordinate axes, in terms of 
mathematical calculations from purely local observations 
or measurements of the vector E upon which “curl” 


operates. To determine the component in a given direc- 


Figure 1. Surface 
built of surface 
elements 


tion of curl E at a given point, consider a small ‘‘element 
of surface’’ at the point, perpenuicular to the given direc- 
tion; integrate E, around the small closed curve bounding 
the “element of surface”; divide the value of this integral 
by the area of the bounded ‘element of surface”; take the 
limit of this quotient, as the “element of surface,” retaining 
its orientation, approaches zero, the bounding curve 
converging on the given point. This limit is the value of 
the component in the given direction of curl E at the 
given point. 

This definition of curl E makes equation 1 essentially 
equivalent to the following statement. For a small enough 
“element of surface,” the integral of E around the small 
bounding curve is equal to —1/c times the rate of change of 
the normal component of B multiplied by the area of the 
“element of surface.” 

We may build up large surfaces by the juxtaposition of 
these infinitesimal ‘“‘elements of surface” as shown in 
Figure 1 of this answer. Adding up each B, multiplied 
by its little area, we get of course, f” fB,dS, taken over 
the whole surface, and the preceding paragraph leads us 
to assert that —1/c times the rate of change of this surface 
integral is equal to the sum of the integrals of E around the 
boundaries of the various ‘“‘elements of surface.’ But these 
boundaries form a network, and we see that in forming the 
sum of the integrals of E, we integrate over each internal 
network portion twice, first in one direction and then in 
the other, making the net contribution to the integral sum 
of each internal network portion exactly zero. We are 
then left with only the external network portions, which 
form precisely the bounding curve of the surface. Thus 
the sum of the integrals of E around the curves bounding 
the “elements of surface”? is equal to the integral of E 
around the closed curve bounding the total surface. 

Thus, we see how Maxwell’s equation 1 leads uniquely 
and irrevocably to statements connecting the values of E 
on a closed curve, with the values of 0B/Od¢ on the enclosed 
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2-sided surface. The meaning of the differential operator 
“curl” as explained in the foregoing, shows that Maxwell’s 
equation 1 cannot possibly yield any general relation con- 
cerning the values of E on an open curve. 

If we accept Maxwell’s equation 1 as representing cor- 
rectly and completely Faraday’s law of induction, then 
Faraday’s law must make assertions concerning voltage 
induced, only in closed curved paths or circuits, and flux 
linkage has meaning relevant to Faraday’s law only for 
closed paths or circuits. 

For Alter Ego’s open key ring, we may close the open 
turn by drawing an arbitrary curve from the one end of the 
turn to the other, forming a closed loop. Flux linkage 
will have meaning for this closed loop, and the induced 
electromotive force, that is E integrated around this loop 
will be different from zero only when the flux linkage is 
changing, which will be when Alter Ego pulls his magnet- 
ized ring across the arbitrary curve. 

In the case of the engineers and their machine, let us 
assume that the coil turn in question is in the stator, so 
that we do not need to discuss the electromagnetic properties 
of moving bodies, which we hope to consider in later essays. 
To give their flux linkage meaning, the circuit or path can 
be closed by joining the two coil ends by a curve lying 
wholly in the simply connected space outside the machine. 
We then see that the flux linkage of this resultant closed 
path is independent of how we draw this closing curve, 
so long only as it lies wholly outside of the machine. Thus, 
with the understanding that the closing curve is to be 
drawn wholly outside the machine, the engineer may speak 
of the flux linkage and induced voltage of the machine turn. 

Similarly, for the voltage induced in a transformer wind- 
ing, not short-circuited upon itself, and therefore open, 
we must to be consistent mean the voltage induced, or 
JE,ds taken, around a closed path including the winding 
and some arbitrarily chosen closing curve lying wholly 
outside the transformer case. 

J. SLEPIAN (F ’27) 
(Associate Director, Westinghouse Research Laboratories, East Pittsburgh, Pa.) 


Network. ‘The following is the author’s solution to a 
previously published essay of the foregoing title (EE, Nov 
49, p 984). 

The impedance of the network in each box reduces to 
the same value and its performance is expressed by Heavi- 
side equation: 


(R+.8Lp)i=e1 


It is, therefore, impossible to detect by external measure- 
ments the nature of the internal connections in the box. 
Were iron core transformers used in the networks the one 
with series-connected windings would give the same per- 
formance as an air core transformer. All the phenomena 
associated with saturation, hysteresis, and residual flux will 
be present in the network with parallel connected windings 
of an iron core transformer and the detection of this con- 
nection is therefore possible by external measurements. 


A. A. KRONEBERG (F ’48) 
Southern California Edison Company, Los Angeles, Calif. 
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Short-Circuit Currents 


W. HOEBASON 


MEMBER AIEE 


I. B. JOHNSON 


MEMBER AITEE 


IELD tests were made on a 7,200/12,470Y-volt multi- 

grounded rural distribution system to check fault cur- 
rent calculations and to investigate transient recovery volt- 
ages experienced as a consequence of clearing fault currents. 
Tests were also made using a miniature circuit representa- 
tion of a rural distribution system in order to investigate the 
effect of variations in circuit conditions incident to the fault. 
The use of the miniature system or transient analyzer made 
possible a determination of the order of magnitude of crest 
voltages and rates of rise that may be expected under most 
severe conditions. The work is expected to be of con- 
siderable value in the preparation of standards for the testing 
of such devices as expulsion lightning arresters and distribu- 
tion fuse cutouts. In so far as the authors are aware, this 
is the first published information on transient recovery volt- 
age tests on rural distribution systems and the correlation 
therewith of transient analyzer results. 

Figure 1 shows typical oscillograms obtained in the field 
tests and with the transient analyzer with comparable circuit 
conditions. 

The studies showed that the transient recovery voltages 
experienced are affected in varying degrees by numerous 
factors. Some of the more important factors are 


1. The length of line remaining connected to the substation after 
fault interruption. 


The distance between the substation and the fault. 


The X/R ratio of the line between substation and fault. 


2 
3 
4. Arc voltage characteristics of the fault clearing device. 
5. Complexity of system network. 

6 


. Damping due to system load connected after fault interruption. 
See Figure 2. 

7. Kilovolt-ampere capacity of substation transformer bank. 

8. Lumped capacitance between line and ground in substation bus 
structure or power factor capacitors. 


During field tests, the highest crest voltage measured was 
1.33 times normal crest voltage and occurred when a fault 
about 16 miles from the substation was cleared by a line 


SECONDS 
ie} 0.01 


Figure 1. Above is oscillogram of 
transient recovery voltage obtained 
in field tests—fault 16 miles from 
substation was cleared by sectional- 
izing recloser; at left is oscillogram 
obtained of transient analyzer with 


) 0.01 corresponding miniature system 
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sectionalizing recloser. This value is somewhat higher 
than most of those obtained in the field tests and appeared 
to be due primarily to an unusually rapid rise in arc voltage 
in the sectionalizing device just prior to clearing. 

The most rapid rate of rise of recovery voltage recorded 
in the investigation occurred during field tests for a fault at 
the substation which was cleared by the main substation 
sectionalizing fuse leaving no connected line. It rose to 
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Figure 2. Effect of load on recovery voltage characteristics; 
transient analyzer results from simulated field system 


Vy4—times normal crest voltage; Tyy—time to crest recovery voltage; To.9— 
time to 0.9 of normal crest voltage 


0.9 normal crest voltage in 22 microseconds. In this case. 
the crest recovery voltage was only 0.94 times normal. 

When more severe circuit conditions were investigated 
using the transient analyzer, crest recovery voltages of the 
order of 1.75 times normal were obtained. These values 
occurred with six miles of unbranched line connected after 
the fault, and 50 kva of transformer capacity. As the kilo- 
volt-amperage was increased to 2,000, with other factors 
constant, the crest voltage dropped to 1.28, but the rate of 
voltage rise increased so that 0.9 normal voltage was at- 
tained in 80 microseconds as compared with 280 micro- 
seconds with a 50-kva bank. 

Short-circuit currents recorded in field tests were in 
excellent agreement with those calculated by means of 
simplified methods using special graph paper and tem- 
plate. The value of the transient analyzer in investigating 
transient characteristics was amply demonstrated. 


Digest of paper 49-177, “Short-Circuit Currents and Recovery Voltages on a Rural 
Distribution System,” recommended by the AIEE Transmission and Distribution 
Committee and approved by the AIEE Technical Program Committee for presentaticn 
at the AIEE Summer General Meeting, Swampscott, Mass., June 20-24, 1949. Sched- 
uled for publication in AIEE Transactions, volume 68, 1949. 
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HE POTOMAC Electric Power Company started the 

use of 4-kv primary networks about 1939. Since that 
time the procedure has been to prevent load growth on 
existing substations supplying 4-kv radial feeders by estab- 
lishing primary networks in the outlying portions of the 
areas served by the existing radial stations. It is in these 
areas that the load growth is most rapid. Studies have 
shown that, with distributed load, this method is more 
economical than expanding the use of 4-kv radial feeders if 
the radial system is made firm up to the point where dis- 
tribution from the 4-kv feeder begins. 

In most cases, loads on individual primary network 
feeders are limited to 1,800 kva or 4,500-kva miles, which- 
ever is less. ‘This limit has been set as the maximum load or 
area without service in case of 4-kv feeder trouble. In 
maintaining adequate voltage, a drop of 2.5 per cent in the 


reason, they are placed in buildings which resemble typical 
1'/.-story homes. Special attention is given to appearance 
and quietness of operation. Where a building is not re- 
quired for appearance, an outdoor station is used. In this 
case, three shot reclosing fuses have been used in place of 
feeder circuit breakers. An automatic circuit breaker is 
installed for the transformer secondary. 

The transformer circuit breaker is arranged to reclose 
automatically when the proper voltage and phase rotation 
appears on the transformer secondary terminals. It will 
trip on reverse current or in case of a ground on the high- 
voltage supply feeder. In case of operation of the trans- 
former overcurrent relays, indicating a bus fault, the cir- 
cuit breaker will lock out and an auxiliary relay will trip the 
feeder circuit breakers where such breakers are used. 

By the use of the primary network, the number of circuits 


ee ms Table I. Comparison of Operating Performance 
4-Kv Radial Versus Network Feeders 
BUNKER ah DAKOTA 
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Figure 1. Primary network system sup- 
ply, Brookland area 


4-kv primary under normal conditions is the limit for subur- 
ban and urban areas. Under emergency conditions, such 
as the loss of a substation or opening of one end of the 4-kv 
feeder, primary voltage is permitted to drop to 89 per cent 
of normal. Fixed capacitors on feeders and both fixed and 
switched capacitors in the substations are used to maintain 
satisfactory voltage and to increase the kilovolt-ampere 
mile loading of feeders over this limit. Typical primary 
network stations have four feeders and are located at strate- 
gic road intersections. 

Most stations are located in residential zones, and for this 


Digest of paper 49-180, ‘Design and Experience with 4-Kv Primary Network System 
in the Washington Area,” recommended by AIEE Committee on Transmission and Dis- 
tribution and approved by the AIEE Technical Program Committee for presentation 
at the AIEE Summer General Meeting, Swampscott, Mass., June 20-24, 1949. Sched- 
uled for publication in AIEE Transactions, volume 68, 1949. 
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on any pole have been materially reduced over those re- 
quired for large radial substations. ‘This avoids unsightly 
conditions which might otherwise result in the large expense 
of placing lines underground. Large concentrations of 
power in radial stations, which might result in the spread of 
trouble, are avoided. Cases of bus faults in primary net- 
work substations have been cleared without loss of service to 
customers. Comparison of feeder outages shows a ratio of 
3.8 momentary faults on radial feeders to one for a primary 
network feeder of equivalent main line mileage. For per- 
manent faults, the ratio was 2.4 to one in favor of the net- 
work feeders. 

Experience over the past ten years has shown that new 
loads can be supplied at a lower cost, operating reliability 
is improved, and voltage problems are reduced by the use of 


primary networks in areas of the type served by the Potomac 
Electric Power Company. 
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TATICG ELECTRICITY 
has been identified as 
the cause of more than one- 
quarter of the explosions of 
anesthetic gases in operating 
and delivery rooms.! Since 
nearly all of the remainder 
were traced to equipment, 
static electricity emerges as 
the chief danger which the 
designers and builders of hos- 
pitals must overcome. The 
use of conductive flooring to 
carry off, neutralize, or pre- 
vent the accumulation of static charges on personnel and 
equipment is now generally accepted. 

This article discusses the characteristics desired in con- 
ductive flooring, and presents the results of tests on two 
materials which are believed to meet the recommendations 
of the National Fire Protection Association at a cost little 
greater than that of ordinary tile or terrazzo. 


many other purposes, 


FUNCTIONS OF CONDUCTIVE FLOORING 


The resistance of conductive flooring should be adjusted 
to serve two purposes. It should be low enough to carry 
off static charges to prevent electrostatic sparks which might 
cause explosions. It should, at the same time, be high 
enough to minimize shocks to operating personnel where a 
grounded electric wiring system is present. It should be 
remembered, however, that even a mild shock may cause an 
involuntary reaction which might easily have serious conse- 
quences during a delicate operation. 

In addition to electrical characteristics, the floor should 
be sufficiently durable for the intended service. 


CAUSES OF EXPLOSIONS IN HOSPITALS 


An explosion will result when the temperature of a 
flammable mixture of a combustible gas with air or oxygen 
reaches the flash point. There are several possible causes 
of explosions in the operating, delivery, and gas storage 


rooms. Table I gives a summary of cases reported by 
BoA. Greene? 
Table I. 230 Fires and Explosions, Grouped as to Etiology 


Number of Cases Per Cent 
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A new type of electrically conductive flooring 
for use in hazardous locations in hospitals is 
designed to prevent the accumulation of electro- 
static charges on personnel and equipment 
which would create an explosion hazard in 
areas where combustible anesthetics are stored 
or used. This discussion of the characteristics 
desired in such flooring, and of the results of 
tests which have been made, should prove 
interesting not only for hospital use, but for 


the basic principle. 
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Explosions caused by appa- 
ratus are usually traceable to 
faulty equipment or use of 
equipment of a design not 
suitable for use in hazardous 
areas. Most of these faults 
may be isolated and elimi- 
nated. Static electricity is a 
source of fire hazard requiring 
special attention as there are 
many ways in which the static 
charge may be induced. The 
fact that an electric charge is 
produced on any object, per- 
son, or material, usually means that the process will con- 
tinue, more and more charge will accumulate until finally 
the mutual repulsion of these charges will exceed the insulat- 
ing ability of the surrounding air and the electricity will 
escape as a spark.? 

Table II shows crest voltage required to produce sparks 
with varying spark gaps. 


as an extrapolation of 


Table II. Sparking Voltages (Crest Value) 


Volts—on Sphere 


1.0-Centimeter 
Diameter 


0.25-Centimeter 
Diameter 


Gap, 
Centimeters 


apr kell) 
~ 2,780 
4,670 


-mrPOoOoo°c°o 


STATIC AND SHOCK PREVENTION 


Basically with all materials, equipment, and persons 
effectively grounded, or in electrical contact with each 
other, no difference in electric potential between such inter- 
connected objects and persons could be accumulated and 
there could be no sparks from electrostatic charges. 

The most effective way to prevent the accumulation of 
electrostatic charges in operating rooms is to provide an 
electrically conductive path, of relatively low resistance, 
between each object and each person in the room. The 
most practical and convenient conductor between people 
and equipment is the floor. To assure electrical contact 
with the floor, all persons in the room should wear shoes 
with conductive soles or the equivalent. All equipment 
including all integral parts such as casters, table leg tips, 
and so forth, should be of metal, conductive rubber, or 


Noyce L. Griffin is Electrical Engineer, Technical Services Branch, Division of Hospital 
Facilities, Federal Security Agency Public Health Service, Washington, D. C. 


Material for this article was prepared by Mr. Griffin in consultation with Charles E. 
Daniel (M ’47) Consulting Engineer, Baltimore, Md. 
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other conductive material, except parts of electric equip- 
ment required to be insulators. 

While low resistance is ideal for conducting off the static 
charges, the best safety precaution against electric shock to 
operating persons is perfect insulation or very high resist- 
ance. Should the wiring in the operating room be of the 
usual 115 volts with one wire grounded, operating per- 
sonnel using or handling electrically operated equipment 
or apparatus may, through faulty equipment or by accident, 
come in contact with an uninsulated power conductor, and 
if they are at that time in contact with the grounded floor 
of very low resistance, they will receive an electric shock. 
The severity of the shock will depend upon the amount of 
current and its path through the person’s body. For a 
given voltage, the amount of current is limited by the resist- 
ance of the conducting path to ground, which includes the 
resistance of the person’s body, shoes, and conducting 
floor. If the resistance of the conducting path is suf- 
ficiently high, the person will feel no shock. A very low 
resistance will allow currents to flow which may produce 
burns, a painful shock, a combination of both, or death. 


PERMISSIBLE FLOOR RESISTANCE 


As a protection against sparks from electrostatic dis- 
charges which may result in fires or explosions of com- 
bustible anesthetic agents, the National Fire Protection 
Association? has recommended that the resistance of the 
floor to ground should not exceed 250,000 ohms, measured 
from any position on the floor to ground, with an electrode 
that will exert a force of five pounds uniformly over a 
circular area of five square inches. These present recom- 
mendations do not include a lower limit of resistance for 
protection against electric shock. However, it is reported 
that a lower limit of resistance is being considered for 
incorporation into these recommendations. It is also 
reported that consideration is being given to the possibility 
of a safe top limit of resistance greater than 250,000 ohms. 
Charles F. Dalziel has conducted experiments to determine 
the minimum current that will produce shock.4 Using 
60-cycle current, 114 men were tested to determine the 
perception point. The lowest current perceived by any of 
the 114 men tested was 0.3 milliampere. The average 
perception point for 50 per cent of the persons tested was 
about 1.0 milliampere. It is important that operating 
personnel should not be subjected to a shock of an intensity 
which would divert their attention from their work. Elec- 
tric currents which barely can be detected by a person taking 
a perception test would normally be unnoticed by the same 
person concentrating upon another task; therefore, it is 
evident that the minimum perception current would not 
constitute a danger. 

The resistance of the human body circuit when thé skin 
is dry may be as high as 500,000 ohms. With the point of 
contact wet by salt solutions or perspiration, as may be the 
case with operating personnel, the resistance may be as low 
as 1,000 ohms. NFPA*recommends that shoes of operating 
personnel should have soles and heels of conducting mate- 
rial of not more than 250,000 ohms measured under condi- 
tions of pressure and contact area simulating normal use of 
the shoes. However, the resistance of operating shoes may 
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vary considerably and it is estimated their resistance may 
be as low as 10,000 ohms. ‘The remaining part of the con- 
ductive circuit to ground is the floor which, for ideal con- 
ditions, should have a resistance of such value that the total 
resistance of person, shoes, and floor will limit the current 
to a value of about 1.0 milliampere. 

As an example, assume that the operating room is wired 
in the usual manner with 115 volts with one wire grounded, 
and a person contacts an uninsulated power conductor of 
115 volts. The floor resistance necessary to limit the 
current to 1.0 milliampere may be calculated by Ohms law: 
I = E/R, or 0.001 = 115/1,000 + 10,000 + R (floor); 
or R (floor) = 104,000 ohms. A floor resistance of 250,000 
ohms maximum recommended by NFPA, and other con- 
ditions as stated in the foregoing will permit a current of 
about 0.44 milliampere which can be perceived by only 
about 1.0 per cent of average men. It follows that a 
flooring with a resistance of from 104,000 to 250,000 ohms 
would provide the maximum protection from the combined 
dangers of static sparks and shock. The nature of floors 
and their normal usage are such that it is difficult to con- 
struct and maintain them so they will remain within these 
ideal limits of resistance under all usage conditions. ‘There- 
fore, a compromise of a resistance range of about 25,000 
ohms as the lower limit and about 250,000 ohms as the 
upper limit appears practicable for actual commercial 
construction. 


CONDUCTIVE FLOORING—TILE AND TERRAZZO 


Many architects, doctors, and hospital administrators 
prefer tile or terrazzo floors in hospital operating suites, 
but normally these floors are not electrically conductive. 
It was found that metallic particles and carbon of varying 
proportions had been used in tile, clay, concrete, and ter- 
razzo without producing a satisfactory floor material. 
While it had been determined that carbon black derived 
from coal, petroleum, and natural gas was not suitable, 
it was noted that carbon black specially prepared from 
acetylene formed a different pattern when mixed with other 
materials such as rubber. The acetylene particles in 
mixtures formed chains instead of groups. ‘Tests made by 
the Bureau of Standards of small samples of concrete into 
which small quantities of acetylene carbon had been mixed 
indicated that the concrete mixture was electrically con- 
ductive and that its physical properties would meet most 
normal floor requirements.* It was then concluded that 
the chain formation of acetylene carbon in concrete would 
form an electrical path from the floor surface when used in 
tile joints and underbed, and in the terrazzo mix. For an 
initial test three samples each of terrazzo and ceramic tile 
floors were prepared in an effort to develop conductive 
flooring materials which will comply with the recommenda- 
tions of NFPA and provide the most effective compromise 
between protection against electrostatic sparks, flashes from 
accidental grounding of electric conductors, and electric 
shock to operating personnel. These samples were con- 
structed as in commercial practice except that a specially 
prepared acetylene carbon black (hereafter referred to as 


* Tests on Conductive Flooring, 1942, for United States Army Corps of Engineers. 
Test data not published. National Bureau of Standards, Electrical Instruments Section, 
Divison of Electricity. 
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Figure 1. 


black) was added to the cement mixture as a conducting 
medium. A wire mesh was embedded in each sample 
for ground or test connection. The black was weighed 
and mixed dry with the cement and then the cement and 
black mixture thoroughly mixed with the sand _ before 
water was added. 

These samples were proportioned as shown in Tables 
(II and IV. 


Table III. Terrazzo, White Marble Chips, May 1947 


Per Cent of Black* 


Sample Underbed 
Number in Topping in Underbed Mix 
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* Per cent by weight of Shawinigan carbon black to dry cement. 


Table IV. Ceramic Tile, One Inch by One Inch Floor Tile, 


June 1947 
Per Cent of Black* 
Sample Underbed 
Number in Joint Grout in Underbed Mix 
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* Per cent by weight of Shawinigan carbon black to dry cement. 


Black in the cement mixture causes a grey color varying 
in hue with the amount of black added. In terrazzo, the 
dark color of the cement mixture may be partially counter- 

_acted by white or light colored marble chips. In tile floors, 

the dark color in the joint grout is considered a desirable 
feature to break the monotony of a solid color. As the 
conducting surfaces of the tile floor are in the joints, the 
surface resistance may be varied by using smaller or larger 
tile. 
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Electrical resistance of flooring—special samples of tile and terrazzo 


TEST RESULTS 


These floor samples were tested by the National Bureau 
of Standards,* for electrical conductivity in a manner pre- 
scribed by NFPA,’ and for abrasive hardness by using 
alundum abrasive in the Kessler wear test apparatus 
described in the National Bureau of Standards Research 
Paper RP672. Electrical conductivity tests were run under 
controlled relative humidity conditions varying from about 
80 per cent to 26 per cent. The series of tests extended 
over a period of about 8!/, months from the date samples 
were constructed. 

The results of the conductivity tests, plotted on graph, 
Figure 1, indicate that during the first two months of test 
and while the humidity was maintained at about 80 per 
cent relative humidity, the resistance of all samples was 
fairly uniform and with the exception of number 1 tile 
and the initial reading of number 3 tile, was well within the 
recommended maximum 250,000 ohms. As the humidity 
was decreased and the samples reached a more permanent 
state, the resistance of the various samples became more 
widely separated, some reaching a very high value, showing 
that the original conductivity registered was largely due to 
moisture in the samples. Only samples number 3 of both 
tile and terrazzo had a fairly uniform resistance throughout 
the test, and remained well within the recommended maxi- 
mum 250,000 ohms except for one slightly high point on 
the graph for terrazzo and two slightly high points for tile. 
These may have been due to test procedure or poor contacts 
of the testing equipment, or to imperfect samples. Samples 
1 and 2 of both tile and terrazzo reached a resistance value 
far above 250,000 ohms and these are not considered unsat- 
isfactory for hospital operating room floors. 

Test results of these initial samples indicate that black 
in the amount of 2.0 per cent by weight of the cement in 


* Tests of conductive floor samples submitted by Public Health Service, Division of 
Hospital Facilities, April 1947. National Bureau of Standards. Conductivity test: 
Electrical Instruments Section. Abrasive hardness: Building Stone Section, 
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the five-eighths-inch terrazzo topping is sufficient to maintain 
chain contact of the carbon particles and therefore provide 
a continuous conducting path of relatively low resistance 
through the floor sample regardless of its water content. 
This fact indicates that a smaller amount of black in the 
underbed would suffice to produce a satisfactory floor. 
From these test results it was estimated that black in the 
amount of 3.0 per cent by weight of the cement in the 
underbed would be sufficient to produce a floor with slightly 
higher resistance and more satisfactory in every respect. 

These tests also indicate that about 1.0 per cent and less 
of black in the cement is not sufficient to maintain chain 
contact of the carbon particles and allow separations be- 
tween carbon particles which must be bridged by moisture 
in the concrete, or by cement particles which have a very 
high resistance. Both tile and terrazzo floor samples 
number 3 have electrical conductivity considered satis- 
factory for hospital operating and delivery suite floors. 

The results of the wear tests indicate that after abrasion 
all terrazzo samples were relatively good as to smoothness 
and general appearance. The percentage of wear loss of 
tile was considerably less than that of terrazzo; however, the 
tile had not bonded well with the mortar and for that reason 
these samples were not satisfactory. A different type of 
cement was used in the tile setting than that of the terrazzo, 
and the poor bonding of the tile is believed to be caused by 
the cement or the method of construction. As arecheck on 
the bonding qualities another tile sample was constructed 
on September 3, 1948, in the same weight proportions and 
similar to the original tile sample number 3, except that 
standard Portland cement was used in both underbed and 
grout to which black was added at the rate of 2.0 per cent 
by weight of dry cement. Since construction, the sample 
has aged in an air-conditioned building where the relative 
humidity is maintained at 50 per cent. The room relative 
humidity and the sample resistance have been checked at 
random for a period of about ten months. The electrical 
resistance so measured has remained less than 250,000 ohms 
and has been essentially the same as the original tile sample 
number 3 when its age and surrounding conditions were 
comparable. The bond between mortar and tile of the new 
sample has been tested and appears satisfactory. 


TEST SAMPLES, SECOND SET OF TERRAZZO 


From information obtained through tests of the first set of 
samples, additional terrazzo samples were constructed in 
October 1948 under the direction of a committee of govern- 
ment agencies* interested in hospital safety construction. 
These samples were also tested at the National Bureau of 
Standards for the same qualities and in a manner similar 
to that described except that additional tests were conducted 
to determine the modulus of rupture, absorption, bulk 
density, and the effects of detergents. 

One of these samples contained black in the proportion 
of two per cent by weight of cement in topping and three 
per cent by weight of cement in the underbed as estimated 
to be satisfactory from the initial tests. Other samples 


* Committee on Explosions in Hospital Operating Rooms. Agencies represented are: 
Army Corps of Engineers; Bureau of Mines; National Bureau of Standards; Navy 
Department; Public Buildings Administration; Public Health Service; Veterans Ad- 
ministration, 
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contained black of various proportions near this amount to 
determine if a smaller amount of black would be sufficient 
to produce a satisfactory conductive floor. One terrazzo 
sample contained no black for comparison. The samples 
are designated as shown in Table V with their per cent of 
carbon black content. 


Table V. Terrazzo, Green Marble Chips, October 194¢ 


Terrazzo Per Cent of Black* 
Sample Underbed 
Number in Topping in Underbed Mix 
Ty eaieteesteiols lekecalasoresletatstat INOnerestareiesie alls efelertete INOUG yates teateiacs stsrsie eater 1:4 
1 LYE Weaanac Manetertcns nase DI sate, ciarstesshe's « eetetoaeete 1:4 
Pe BARE COO LE DAOAIIOD.D Pp this Ge codon dtc See Bae a casoe eas - 1:4 
cS Grncon ooo dadc dboooce Dist Pie etatdtatns Ceazvieresatsertsre De eaiva bastaltiets eee res 1:4 
He Seis pieiWajetsia eietate iersiateteey BA a retcinabtracatuahatn Cea nue beer SAIC ES tas Gon Se 1:4 


* Per cent by weight of Shawinigan carbon black to dry cement. 


TEST RESULTS, SECOND SET OF TERRAZZO SAMPLES 


Conductivity Test. "These samples were stored in a con- 
trolled-humidity cabinet on November 24, 1948, and were 
tested weekly in a manner prescribed by NFPA.* For 
each measurement of resistance the electrode was succes- 
sively placed at ten different locations on the surface of the 
sample and the results were averaged. ‘To accelerate the 
normal aging and drying, a low ambient humidity and a 
moderately high temperature were maintained in the 
cabinet for an extended period. This was followed by a 
period of conditioning at a moderate humidity. The 
results of these tests are shown in Figure 2. They confirm 
the results of earlier tests shown on Figure 1 by showing 
that the resistance of the samples is dependent upon the age 
and moisture content of the material. ‘They show that the 
resistance of dry concrete without black is too high to meet 
NFPA® recommendations and that at reasonable humidities 
the resistance of concrete with two per cent of black added 
to the cement in the topping is low enough to meet the 
NFPA recommendations. 

In addition to the usual testing for resistance through the 
floor surface, resistance measurements were made with the 
electrode placed on the back surface of the underbed. 
They showed that the resistance of the underbed was 
negligible when compared with the resistance of the topping 
ofeachsample. ‘The large differences in resistance observed 
between samples which have the same nominal amount of 
black in the topping is probably due to differences in the 
actual proportions of black to cement used or differences in 
dispersion of the black in the topping. From these tests 
it would appear that concrete containing either two per cent 
or three per cent of black to dry cement, by weight, should be 
equally satisfactory in the underbed. However, the resist- 
ance of samples with only two per cent black in the under- 
bed exceeded the maximum resistance recommended by 
NFPA.* To allow for such variations in construction three 
per cent of black to dry cement in the underbed should be 
used, where the floor is required not to exceed 250,000 ohms. 


Physical Properties. ‘Tests for physical properties show 
that with two per cent black added to cement, the wearing 
surface or topping compares with plain terrazzo as follows: 
The modulus of rupture is reduced about 6 per cent, the 
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Figure 2. 


per cent absorption is increased about 22 per cent, the bulk 
density is increased about 1.0 per cent, and the abrasive 
hardness is reduced about 37 per cent. 

Although the addition of carbon black reduced the wear 
resistance, it is evident that this can be overcome to a great 
extent by using hard marble chips. In any case, with two 
per cent black added, the wear resistance seems to be suffi- 
cient for hospital operating suites. 

Tests to determined the injurious effects of detergents 
commonly used for floor washing are well advanced but 
not complete. ‘To date the terrazzo samples containing 
black, and also the plain terrazzo samples with no black, 
have withstood more than 192 cycles of treatment without 
disintegration. In earlier tests’ plain terrazzo, without 
black, disintegrated at 280 cycles of similar treatment. 
The detergent test records and also visual inspection shows 
negligible difference in the effects of detergents between 
samples with two per cent and those with no black. 


CONCLUSIONS 


The results of tests described herein indicate that by the 
addition of carbon black to cement mixtures, floors of 
hospital operating and delivery suites can be economically 
constructed which will combine the following qualities: 


1. Conformity with the recommendations of NFPA for maximum 
allowable resistance for control of static electricity. 


2. Approximately uniform electrical conductivity over the entire 
floor surface to prevent the accumulation of static charges of sufficient 
voltage to cause sparks. 


3. Resistance high enough to protect personnel from severe electric 
shock. 


4. Prevention or minimization of sparks which might be caused by 
grounding or short-circuiting electric cords to the floor where wiring 
is of a grounded electric system. 
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Electrical resistance of flooring—special samples of terrazzo 


5. Wearing and strength qualities, and resistance to detergents suffi- 
cient for hospital operating suites. 


6. Color of varied designs sufficiently light to meet the architectural 
requirements. 


7. A floor of which the electrical resistance is not seriously affected 
by changes in humidity, and which in itself is conductive regardless 
of its moisture content. 


RECOMMENDATIONS 


General. Hospital operating and delivery suites, anes- 
thesia storage rooms, and all locations classified by the 
National Electrical Code as “Class I Group C Hazardous 
Locations” should have electrically conductive floors. The 
floor as normally contacted with a person’s shoe, furniture, 
table leg tips or casters, should be approximately uniform 
in conductivity over its entire surface. ‘The floor resistance 
should be low enough to conduct off and prevent the accu- 
mulation of electrostatic charges, and at the same time the 
resistance should be high enough to protect operating per- 
sonnel from severe electric shock. The floor should be 
sufficiently durable for its intended use and should have 
electrical characteristics which conform to the latest recom- 
mendations of the National Fire Protection Association. 


TERRAZZO (BASIC GUIDE SPECIFICATIONS) 


Construct as in commercial practice in accordance with 
the standards established by the National Terrazzo and 
Mosaic Association, Inc.® except that carbon black* 
shall be added to the cement in both underbed and topping, 
and other special requirements, as specified in the follow- 
ing. 

Underbed. The terrazzo underbed shall consist of one 
part of Portland cement and four parts coarse screened 
sand. Carbon black shall be added to the cement at the 
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rate of three per cent by weight of dry cement.* These 
materials shall be mixed dry before water is added. This 
mortar shall be thoroughly mixed, then evenly spread 
on the concrete subfloor and be brought to a level not less 
than five-eighths inch (preferably three-fourths inch below 
the finished floor. Installed and embedded in the under- 
bed or between the underbed and topping shall be a mesh 
of galvanized iron wire, copper, or other suitable highly 
conductive metal. Mesh strands should not be smaller 
than 18-gauge galvanized iron wire or 20-gauge copper 
wire. Mesh openings should be not more than the equiva- 
lent of two inches by two inches for 18-gauge iron wire, nor 
more than six inches by six inches for 20-gauge copper wire, 
and in no case greater than six inches by six inches where 
heavier mesh is used. A ground or test connection should 
be bonded to the wire mesh. If grounding is required, the 
mesh should be permanently and effectively grounded to a 
cold water pipe or other suitable ground connection. Such 
a ground connection does not affect the static hazard but 
slightly increases the hazard for electric shock, unless an 
insulated supply circuit is used such as furnished by an 
insulating transformer. 


Dividing Strips. The terrazzo shall be jointed with 
plastic or other similar nonmetallic dividing strips not less 
than 11/4, inches deep, and forming squares of from two 
feet to three feet in each direction. While the underbed 
is in a semiplastic state, the divider strips shall be installed 
into the underbed so that the top edges will be flush with the 
finished floor surface. 


Topping. The terrazzo topping shall consist of one part 
Portland cement and two parts marble granule, by weight. 
Carbon black* shall be added to the cement at the rate of 
2.0 per cent by weight of dry cement, then all materials 
shall be mixed dry before water is added. The marble 
granule portion should be made up with one part of number 
1 granules and one part of number 2 granules of any desired 
color. Placing and finish of this mixture should conform 
to the requirements for standard terrazzo work, as in com- 
mercial practice. 


CERAMIC TILE (TENTATIVE GUIDE SPECIFICATIONS) 


Recommendations for ceramic tile floors for “Class I 
Group GC Hazardous Locations” were originally withheld 
pending further investigation into the bonding of such 
floors. A subsequent sample has been constructed and 
informally tested, although not subjected to the complete 
tests given the original sample. 

Inspection and informal tests, described earlier in this 
article, indicate that tile floors of the conductive type can be 
constructed and maintained satisfactorily. 

Should tile floors-of the conductive type be desired, the 
following special requirements and tentative specifications 
may be used. 

General. Construct tile floors in accordance with the 


* Carbon black shall be of a special form produced by the thermal decomposition of 
acetylene gas under carefully controlled conditions. One source of supply is Shawinigan 
Products Corporation, Empire State Building, New York, N. Y. The product name, 
“Acetylene Black,” is manufactured in only one grade but is packed both 50 per cent 
and 100 per cent compression, either of which is satisfactory. Its cost is about 19 cents 
per pound f. o. b. Jersey City, N. J. Other sources of supply of carbon black of equal 
grade and specifications will be acceptable. It should be noted that carbon black of 
petroleum derivatives is not suitable. 
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latest standards for commercial tile floors set by the Tile 
Manufacturers’ Association, Inc.* and add carbon black* 
to the cement in both underbed and grout in accordance 
with specifications. 


Underbed. The tile underbed should consist of one part 
of Portland cement and three parts of clean sharp sand. 
Carbon black* shall be added at the rate of 2.0 per cent 
by weight of dry cement. These materials shall be mixed 
dry before water isadded. This mortar shall be thoroughly 
mixed, then evenly spread on the concrete subfloor and 
brought to the required level. Installed and embedded 
in the underbed shall be a mesh of galvanized iron wire, 
copper, or other suitable highly conductive metal. Mesh 
strands should not be smaller than 18-gauge iron wire or 
20-gauge copper wire. Mesh openings should not be more 
than the equivalent of two inches by two inches for 18- 
gauge iron wire, nor more than six inches by six inches for 
20-gauge copper wire, and in no case greater than six inches 
by six inches where heavier mesh is used. A ground or 
test connection should be bonded to the wire mesh. If 
grounding is required, the mesh should be permanently 
and effectively grounded to a cold water pipe or other suit- 
able ground connection. Such a ground connection does 
not affect the static hazard but slightly increases the hazard 
for electric shock, unless an insulated supply circuit is used 
such as furnished by an insulating transformer. 


Tile. The floor tile selected should be not larger than 
one inch by one inch surface. 


Grout. The grout mixture for tile joints should be neat 
Portland cement with 2.0 per cent by weight of carbon black 
added to dry cement. 


Finish. Grout in the joints should be finished flush with 
tile floor surtace. 


OTHER PROTECTIVE MEASURES 


A satisfactory electrically conductive floor is a con- 
struction feature and a necessary part of the protective 
system to prevent static charges from building up to a 
potential sufficient to cause a spark which may result in an 
explosion; however, during use, other protective measures 
must be taken by the operating team, such as careful use of 
equipment, to assure maximum safety of patients and oper- 
ating personnel in hazardous areas. 
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These are authors’ digests of most of the 
conference papers presented at the AIEE 
Fall General Meeting, Cincinnati, Ohio, 
October 17-21, 1949. The papers are not 
scheduled for publication in AIEE Trans- 
actions or AIEE Proceedings, nor are they 
available from the Institute. 


Determination of Reserve Capacity by the 
Probability Theory—Simplified Methods, 
Indexes of Service Reliability; G. Calabrese 
(New York University, New York, N. Y.). 

This paper, a sequel to the paper pre- 
sented by the author at the Midwest General 
Meeting in Chicago in the fall of 1947, has 
the following objectives: 


1. The development of formulas for calculating indexes 
of service reliability, assuming a straight line load 
duration curve. 


2. Acomparative discussion of various indexes of service 
reliability for the purpose of choosing the one among 
them that seems preferable, and of recommending a 
level, or levels, of service reliability. 


The load duration curve referred to is the 
one obtained on the basis of the daily maxi- 
mum loads having 365 points per years and 
called “the daily maximum load duration 
curve.” Contingency reserve, computed on 
the basis of this curve, must be checked for 
overhaul requirements. For all practical 
purposes it is simple and sufficient to add the 
overhaul requirements to the maximum 
daily loads. ‘The load duration curve thus 
obtained is called the ‘daily maximum load- 
overhaul duration curve.”’ 

Three indexes of service reliability are, 
namely: 

(a). Probability of loss of load—expressed as a fraction 


or as an expected frequency of one day loss of load every 
80 many years. 


(6). Expected energy loss, kilowatt-days or kilowatt- 
hours, per kilowatt of maximum load. 


(c). Expected energy loss, kilowatt-days or kilowatt- 
hours, per kilowatt of installed capacity. 


Expressions can be given for calculating 
these indexes in terms of the capacity outage 
probabilities, the reserve, and the ‘“‘daily 
maximum load ratio.’’ ‘This is defined by 
the expression: 


sum of all daily maximum loads 


365 X yearly maximum load 


if the overhaul requirements are not added 
to the load; or by the expression: 


sum of all daily maximum loads plus overhaul 
requirements 


365 Xyearly maximum load plus overhaul at 
peak time 


if the overhaul requirements are added to the 
load. 

Key curves can be given from which, by 
appropriate replotting, probabilities of loss 
of load and energy loss expectancies may be 
obtained for any number of units and for any 
value of the daily maximum load ratio. 
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Which index of service reliability? Proba- 
bility of loss of load is recommended in prefer- 
ence to energy loss expectancies. 


Which level of service reliability? The answer 
to this question depends on local conditions. 
Voltage may be dropped under contingency 
to reduce load. Assuming a maximum volt- 
age reduction of five per cent and, corre- 
spondingly, a five per cent drop in load, a 
level of service reliability, after voltage re- 
duction, of one day loss of load expectancy 
for every 50 years is suggested. The ex- 
pected frequency with which voltage will 
have to be dropped, within the five per cent 
limit, depends on the number of units, being 
the smaller—the smaller is the number of 
units. Tentatively, a dcop of voltage ex- 
pectancy, within the five per cent limit, of 
one day for every five years is recommended. 
Comments and suggestions from the indus- 
try are urged. 

Probability methods, up to the present and 
in the knowledge of the author, have been 
used almost exclusively for determining 
absolute reserve requirements. ‘The use of 
probability methods for the economic 
evaluation of alternative schemes of power 
supply is strongly recommended. 


The Relation of Thermal Plant Design to 
Reserve Capacity Requirements; M. J. 
Steinberg (Consolidated Edison Company of New 
York, Inc., New York, N. Y.). 

The current trend in thermal plant design 
is toward utilization of single turbogenerator 
for unit operation. This has been adopted 
in order to keep the unit investment per 
kilowatt of capacity added to a minimum 
where it is consistent with predicted operat- 
ing economies. In general, the evaluation 
procedure involves a comparison of alternate 
designs and involves the determination of 
what differential investment can be justified 
by the operating savings. In so far as can 
be determined from available literature, 
little, if any, consideration is being given to 
the effect of plant design and in particular, 
the size and method of connection between 
boiler and turbogenerator units, on the re- 
serve Capacity requirements of the system of 
which the contemplated plant is but one of 
several sources of supply. The paper illus- 
trates how system reserve requirements are 
affected by the size and arrangement of units 
in a plant with ultimate design capacity of 
640,000 kw, and evaluates the differentials in 
capacity requirements for peak demand re- 
serve and for scheduled outages during off- 
peak periods for overhaul of equipment. 
From a system view point, serious considera- 
tion should be given to the utilization of a 
common steam header as a means of connec- 
tion between boiler and turbogenerator units; 
to the installation of a multiple number of 
boilers for each turbogenerator unit; and to 
the installation of boiler reserve above capac- 
ity requirements of the turbogenerators. 
The views expressed in the paper are perti- 
nent to the current issue of whether or not the 
reheat cycle is economically justified since, 
for practical reasons, such installations are 
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limited to the adoption of the single boiler, 
single turbogenerator design. 


Undervoltage Protection of Motorized 
Devices; W. R. Wiese (The Cincinnati Gas and 
Electric Company, Cincinnati, Ohio). 

Undervoltage protection devices for motor- 
ized equipment should be designed and 
applied so that maximum service continuity 
can be realized by the user. From the utili- 
ties staridpoint, it is desirable to have motor 
drives “ride through’? as many system dis- 
turbances as possible. In this way, it is pos- 
sible to take full advantage of the ‘‘built-in”’ 
service reliability and service restoration fea- 
tures of the modern electric system. 

The ratio of system disturbances caused by 
faults on the major transmission system to 
those on the distribution system will vary 
depending upon the size of the system, loca- 
tion of generating plants, preventive main- 
tenance program, tree interference, line 
patrol, and other factors. The use of time 
delay must be evaluated according to the 
individual situations and conditions. Pos- 
sibly, time delay is desirable in most instances 
but this should not preclude the availability 
of instantaneous devices or those without 
definite time delay. 

Some of the major items to be evaluated 
and considered in the study of time delay 
versus instantaneous undervoltage protection 
are 
1. No thermal damage to equipment can result if 
the equipment is properly fused or protected against 


overload and single-phase operation of polyphase 
motcrs. 


2. Large motors may require special treatment depend- 
ing upon application and under certain conditions wil] 
prevent rapid reclosure of transmission lines. 


3. From the utility system standpoint it is generally 
desirable to keep residential, commercial, and smal] 
power loads running in order to avoid “‘pick-up”’ troubles 
and motor controls should be provided to allow the 
motor drives to “ride through’? as many system dis- 
turbances as possible to take full advantage of the service 
restoration features of the electric system. 


4. Ultrafast tripping and reclosing of circuits supplying 
steel mills would be required if any attempt is made to 
prevent shutdown and the time requirements less than 
“dead time” allowance in the reclosing cycle. 


5. Utilities desire to provide service which best serves 
the customer against damage to equipment when ab- 
normal conditions exist beyond their control. 


Electrical Maintenance Problems in Con- 
tinuous Process Plants; 7. O. Sweatt 
(Wearn, Vreeland, Carlson and Sweatt, Inc., New 
VorksN tes) 

In recent years the rapidly increasing cost 
of labor has resulted in a renewed trend to- 
ward mechanization in industry. This has 
resulted in the adoption of continuous mass 
production methods in many industries which 
heretofore had operated entirely on a shift 
basis. Usually these processes have been 
installed in existing plants where the electric 
distribution systems were not designed to 
serve them adequately and _ still permit 
proper maintenance. In such a plant the 
problem resolves itself into providing suffi- 
cient duplicate service to all critical loads to 
permit adequate maintenance of each and 
every major component of the distribution 
system without affecting the over-all opera- 
tion of the plant 

The first step in attacking the problem 
should be the tabulation of all present and 
contemplated loads as either essential, 
moderately essential, or nonessential. The 
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distribution system should then be carefully 
analyzed to segregate the essential and 
moderately essential loads from the non- 
essential wherever possible. ‘This will mate- 
rially reduce the extent of the changes re- 
quired to the system. 

It is extremely desirable that a reserve 
source of power be provided for the plant 
sufficient to supply the essential loads when- 
ever the primary source of power is being 
maintained or repaired. If the primary 
source is a public utility, close collaboration 
with the utility engineers is essential. The 
primary substation supplying the plant really 
constitutes the heart of the distribution sys- 
tem. Unfortunately, most plants have only a 
single primary bus which generally cannot be 
properly maintained without shutting down 
the entire plant. Some means for section- 
alizing the bus should be provided and also 
means for independently supplying each bus 
section from the power source. 

Primary distribution systems in existing 
plants are generally of the simple radial type 
with the feeders and substations supplying 
loads on an area basis. Both continuity of 
service and maintenance requirements gen- 
erally dictate the provision of duplicate sup- 
plies to all substations serving essential loads. 
The two basic methods commonly employed 
consist of either duplicate feeders or loop 
feeders using sectionalizing circuit breakers. 
Whichever method is used, the feeder ar- 
rangement should be such that all essential 
substations are supplied from two or more 
sources such as separate bus sections in the 
primary substation. 

Secondary substations are generally of the 
single transformer type and provision of 
duplicate facilities is difficult to justify. 
However, the judicious use of secondary 
interconnections will permit adequate main- 
tenance of this equipment. Whenever pos- 
sible, secondary distribution centers should 
be so allocated that each essential load com- 
ponent will be served by a separate center. 
Normal maintenance of the centers can then 
be performed simultaneously with the main- 
tenance of the associated process equipment. 


Interior Wiring Design for Commercial 
Buildings; Alexander C. Youngson (Rice and 
Youngson, New York, N. Y.). 

In the fall of 1946 the Committee on Indus- 
trial Power Systems organized the Sub- 
committee on Interior Wiring Design for 
Commercial Buildings. This committee was 
composed of representatives of consulting 
engineers, electrical contracting firms, elec- 
trical and communication utilities, manufac- 
turers, insurance underwriters, and the Com- 
mittee on Domestic and Commercial Applica- 
tions. 

The committee was given the assignment 
of making a thorough study of the essential 
features entering into the electric systems in 
modern commercial buildings and to present 
their findings in the form of a report, which 
was presented on October 17, 1949, at the 
AIEE Fall General Meeting held in Cincin- 
nati, Ohio. 

The report is not intended to be an elec- 
trical handbook explaining in detail how to 
design the various systems, although some 
original data not usually found in handbooks 
have been included. It is more in the na- 
ture of a check list to assist the young elec- 
trical designer in preparing his layouts, or as a 
reminder to the more experienced engineers 
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to avoid overlooking some essential require- 
ment for adequate and safe operation of the 
equipment. 

Certain important features of the elec- 
trical design if overlooked or improperly 
treated may result in unnecessary limitations 
and inconveniences, as well as unsatisfactory 
performance of the illuminating and utiliza- 
tion equipment and of the communication 
and signaling facilities. The failure of the 
electric systems due to inadequate planning 
and insufficient anticipation of future needs, 
contribute materially to the premature 
obsolescence of the property. 

Data are included showing methods for 
estimating quickly the anticipated lighting 
and power loads necessary for preliminary 
studies, and some original unit cost data 
which can be readily used for calculating the 
approximate cost of a system, or for compar- 
ing the costs of two or more systems of dif- 
ferent design. Some unit data on telephone 
requirements and of space required for the 
equipment, are also included. 

The classification of commercial buildings 
is very wide as used in utility practice, and 
some curtailment of the scope had to be 
adopted. In general all types of buildings 
have been included between the single and 
duplex residence and the industrial build- 
ings, except farm, transportation, specialized 
municipal buildings, outdoor sports, special 
laboratories, also special and unusual build- 
ings of all types. 

The text covers the general electric, com- 
munication, and signaling systems usually 
found in modern buildings, also special elec- 
trical facilities required in each of the follow- 
ing types of buildings: office and lift build- 
ings, municipal administrative buildings, 
banks, brokerage offices, hotels, apartment 
houses, clubs, restaurants, theaters, audi- 
toriums, churches, recreational buildings, 
schools, colleges, libraries, museums, hos- 
pitals, clinics, medical and dental offices, 
department stores, merchandising and service 
establishments, and automotive garages. 


Undervoltage Protection of Motorized 
Drives; J. C. Lynch (Hammerhill Paper Com- 
pany, Erie, Pa.). 

This paper notes the electric power and 
drive requirements of a 300-ton-per-day pulp 
and paper mill utilizing the sulphite process. 
Since the plant generates all of its power 
requirements, power generation and distri- 
bution facilities are described, primarily 
from a continuity of service point of view. 

Paper-making is a continuous process and 
continuity of operation is of vital importance. 
However, if the process is divided into: 
wood handling and chip preparation; acid 
making and pulp cooking; pulp washing 
and bleaching; beating and paper machine 
operation; and finishing; we find these 
operations instantaneously independent of 
each other due to some measure of surge or 
storage capacity at the end of each operation. 

Certain operations, notably in the acid 
making, pulp cooking, screening, and 
machining phases of paper-making are 
sufficiently important to justify an attempt to 
carry the drives through a momentary low- 
voltage condition or a feeder reclosing cycle. 
In these instances damage to equipment and 
poor quality of product are likely to result in 
the event of power failure. 

In other operations, such as wood barking 
and chipping, beating, and refining, con- 


Fall General Meeting Conference Paper Digests 


tinuity of operation is desirable but not vital. 
In general, the characteristic of these loads is 
such that an attempt to carry the drives 
through a feeder reclosing cycle would result 
in severe overloading of feeders and unit sub- 
station transformer equipment. 

The use of timed undervoltage protection 
devices is indicated where increased produc- 
tion, a better quality of product, or greater 
safety in operations will result. In cases 
where these qualifications do not necessarily 
apply, the extra duty imposed on the power 
system through the use of time delay under- 
voltage protection devices is not justified. 


Phase Shifting 22-Kv Regulators Save Sys- 
tem Investment; V. E. Hill (Duquesne Light 
Company, Pittsburgh, Pa.). 

In the complex power system networks of 
today, the power does not always flow in the 
proper proportions over the paths available, 
owing to the location of the loads, length and 
characteristics of the transmission circuits, 
and the source of the power supply. Thus, 
while there may be ample line capacity, it 
cannot all be utilized, and the problem is to 
secure a more effective use of existing equip- 
ment. 

Through the installation of two phase shift- 
ing regulators to a 22-kv network, the 
Duquesne Light Company has improved the 
distribution of power over existing circuits to 
the point where expensive new circuits were 
not needed. ‘These regulators made it pos- 
sible to carry a simultaneous load of 80 per 
cent of the sum of the ratings of four 22-kv 
lines supplied from three different power 
sources. 

It will also be found that regulators of this 
type frequently have other advantages. 
They have permitted an increase in the 
maximum load capability (firm power rating) 
of bulk supply substations, and have also 
proved extremely useful in maintaining volt- 
ages, particularly during times of equipment 
outages due to trouble or maintenance. 
The gain in line loadings and bulk supply 
substation capacity of the first regulator was 
conservatively evaluated at $140,000 as 
against the installed regulator cost of $40,000. 

The two regulators are exactly similar in 
principle, but have slightly different ratings: 
one is rated at 1,260 kva and +10 per cent 
voltage control, and the other is rated at 
2,040 kva, +16 per cent voltage control. 
Load capability in both cases is about 12,500 
kva. Phase angle adjustment of the +10 
per cent and the +16 per cent voltage change 
can be set for 0 degrees, 30 degrees, 60 de- 
grees, and 90 degrees by means of easily 
accessible no-load tap changers. Experience 
has demonstrated that setting the phase ad- 
justment at one angle gives satisfactory con- 
trol, and that taking the regulator out of serv- 
ice for a few minutes to change this adjust- 
ment has proved no hardship. 


Spotting Equipment for Synchronous 
Motors; S. C. Ewing, E. A. E. Rich (General 
Electric Company, Schenectady, N. Y.). 

*‘Spotting”’ as used here refers to the opera- 
tion of accurately stopping rotating machines 
in a predetermined angular position. ‘To do 
this, it is often necessary to rotate machines 
at speeds of approximately one per cent or 
less of normal rpm. Many mechanical and 
electrical methods of obtaining these ultra- 
slow speeds are available. 
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Most electrical methods of spotting syn- 
chronous motors consist of exciting the field 
poles from a constant excitation source and 
applying some form of, in effect, low-fre- 
quency power to the armature winding. 

The method of obtaining low frequency in 
the motor armature winding which is used 
by the equipment described is several decades 
old and essentially consists of applying direct 
currents to three phases of the armature, us- 
ing contactors, in such a way that an ultra- 
slow moving armature field results. 

A major requirement of spotting equip- 
ment is that some means be provided to keep 
the spotting control equipment completely 
and positively isolated from the main a-c 
power supply. Hazards to equipment and 
life of personnel may arise if this problem is 
not given adequate consideration. A fairly 
reliable way of obtaining this isolating re- 
quirement is through the use of interlocked, 
magnetically operated, contactors or circuit 
breakers to provide means of isolation of the 
spotting equipment from the a-c power 
supply and to connect the spotting equipment 
to the synchronous motor armature winding. 

The spotting control equipment includes 
additional relays and contactors necessary to 
apply the direct current in proper sequence 
and polarities to the armature winding of the 
synchronous motor and to provide reasonable 
protection to the motor windings during the 
spotting operation. The equipment de- 
scribed includes provision for spotting the 
synchronous motor in either direction of 
rotation and at adjustable speed levels, rang- 
ing from about one-fourth to three-fourths of 
one per cent of normal speed. 

Most common applications of spotting 
equipment are found in connection with drives 
for tube mills, rolling mills, and so forth, 
which may require fixed angular positions to 
load, unload, lubricate, make repairs, adjust- 
ments, and to replace or change parts. 


A Proposed Classification for Regulating 
Systems; S. L. Burgwin (Westinghouse Electric 
Corporation, Buffalo, N. Y.). 

Closed loop feed-back systems are used in 
almost every control process. Many varia- 
tions of closed loop systems are used. Ter- 
minology for describing the systems and 
analytical viewpoint are equally varied. A 
broad general classification of possible sys- 
tems is a starting point toward standardiza- 
tion of terminology and viewpoint. 

Closed loop systems can be classified ac- 
cording to 


A. Complexity 
1. Simple (single loop). 


Complex (main loop with one or more minor loops). 


Continuity 


Ze 

B 

-1. Continuous. 

2 Discontinuous (off and on type). 
C. Order 


.01 Direct (no 
mechanism). 


integrating or differentiating 
-02 Integral (one pure integrating mechanism). 

-03 Bi-integral (two pure integrating mechanisms). 
.04 Differential (one differentiating mechanism). 

.05 Bidifferential (two differentiating mechanisms). 

D. Mode of Operation 


.001 Damped. 
.002 Oscillatory. 


Systems can be quite completely described 
by use of this classification. For example, a 
particular system could be a complex-con- 
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tinuous-integral-damped system or a simple- 
discontinuous-oscillatory system as the case 
might be. 

Association of relative operating charac- 
teristics with the various classes permits a 
fair qualitative idea of comparative operation 
of the various systems. The classification, 
together with a chart of comparative operat- 
ing characteristics, provides a good over-all 
view of possible systems for a given applica- 
ton. 


Line Circuits for Centralized Traffic Con- 
trol; G. W. Baughman (Union Switch and 
Signal Company, Swissvale, Pa.). 

Centralized traffic control is being credited 
with having played a major part in expedit- 
ing the very heavy railway traffic which 
existed during the recent war. This is a 
system of train operation where the trains are 
operated in accord with signal indications 
and it displaces the previous method which 
required “‘train orders’’ to be delivered to the 
various train crews. Experience has shown 
that a single-track railroad equipped with a 
centralized traffic control system will have 
approximately 80 per cent of the track capac- 
ity of a double-track road operated without 
centralized traffic control. 

The basic principles were developed and a 
number of relatively small installations were 
placed in service during the late 20’s and 
throughout the 30’s. Codes are trans- 
mitted automatically over a 2-wire line cir- 
cuit from the control point to the various sta- 
tions along the railroad for the purpose of 
positioning the switches and signals in ac- 
cord with the desire of the operator as ex- 
pressed by him by the proper positioning of 
the control levers. Codes are transmitted 
from the various stations along the railroad 
to the control point over this same pair of 
line wires for the purpose of displaying 
information on the panel in front of the 
operator giving the location of all trains in the 
territory and the positions of all switches and 
signals. Safety and checking features are 
provided so the operator cannot set up unsafe 
conditions. 

When it became necessary to find a prompt 
method for expediting the war traffic, cen- 
tralized traffic control won over the other 
methods because it could be installed more 
promptly and with a lesser expenditure than 
would have been required for other methods. 
There was a sudden demand for installations 
much longer than had previously been placed 
in service. Because of the situation which 
existed at that time in regard to copper for 
line wire, it was necessary to economize to the 
greatest practical extent in the use of this 
critical material. Also, communication facili- 
ties were at a premium on the railroads dur- 
ing the period of heavy traffic. By novel 
design of the line circuit, it was found prac- 
tical to connect the line relays at all field sta- 
tions in multiple so there were no contacts or 
coils in series with the line wires. ‘Then, by 
the use of a specially designed low-pass filter 
in each multiple tap to the line, a high-grade 
voice communication circuit was derived. 
Methods were also developed to permit the 
centralized traffic control system to be han- 
dled over existing dispatchers’ lines and at the 
same time retain all of the normal facilities 
of the dispatchers’ line. 

Novel applications of filtering and elec- 
tronic equipment permitted the lines of long 
installations to be divided into independent 
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sections and all controlled from the head- 
quarters location. Installations are now in 
service with as many as six independent sec- 
tions and with a length as great as 410 miles 
from the control point to the most distant 
function. It is the present standard practice 
to use the one pair of wires for centralized 
traffic control, voice communication, and 
one or more carrier communication circuits, 
and in some instances still other facilities. 
There are at present 87 sections of centralized 
traffic control line being controlled from a 
remote location by electronic equipment. 

The application of these principles has 
brought about the saving of thousands of 
miles of line wire which results in economy 
not only in first cost but in reduced main- 
tenance charges, 


Erie Railroad’s 4-Way Train Radio System; 
Francis H. Menagh (Erie Railroad Company, 
Cleveland, Ohio). 

Maintaining constant communication with 
trains operating in territories where main line 
tracks wind through irregular terrain and 
highly industralized areas faced Erie Rail- 
road and radio equipment technicians 
several years ago in their preliminary studies 
of the feasability of using radio in railroad 
operation. At the close of the last war, radio 
manufacturers brought out the first very- 
high-frequency equipment designed to meet 
the special rugged and static-free require- 
ments of railroad operation. At the same 
time, improved types of inductive carrier 
equipment were made available and demon- 
stration tests of both were offered to the rail- 
roads. 

The Erie Railroad’s approach in adapting 
them to its needs was probably typical. 
Operating between New York and Chicago, 
the Erie tracks thread through some of the 
most irregular terrain in the East for hun- 
dreds of miles to Marion, Ohio, from there 
west a plateau provides smooth rolling for the 
remaining distance. The seasons are filled 
with every kind of weather with the usual 
extremes of temperature found in the north. 

The basic problem was to provide constant 
4-way communication between head and rear 
ends of trains; between trains and fixed way- 
side stations; between trains operating 
within range; and between way stations in 
case of landline prostration. 

The Erie’s experiences with the latest in 
radio communication date back to 1945 when 
tests of inductive carrier and space radio 
equipments were conducted along the right 
of way. ‘Tests were also made in the New 
York Harbor lighterage area, which resulted 
in the present communication between the 
tug dispatcher and all Erie tugs. In 1947, a 
very-high-frequency installation was made in 
the Jamestown, N. Y., freight yards to pro- 
vide 2-way communication between a base 
station and the diesel switch engines. The 
system demonstrated radio’s ability to im- 
prove efficiency and safety of operations in 
this industrial yard switching service. 

In July 1948, after more than a year of 
testing to determine the most practicable 
system to meet Erie needs, the present 4-way 
radiotelephone system was installed over 
three divisions. Within a year, its success 
was demonstrated and expansion was ordered 
to cover the entire 884 mile area west from 
New York, approximately 85 per cent of the 
main line. 

The Erie very-high-frequency radio system 
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utilizes a series of base stations, operating at 
160.05 megacycles, and a transmitter re- 
ceiver in both cabs of diesel-electric road 
locomotives and 35 cabooses. When com- 
pleted, there will be a total of 93 mobile sta- 
tions and 50 way or base stations. Normal 
communication is on the A band of 160.05 
megacycles with a B band of 159.09 mega- 
cycles available when A band is in use. 
When the B band is used, return of the hand- 
set to its hook automatically returns the 
mobile station to the normal frequency of 
160.05 megacycles. 

The base stations are located along the 
right of way to provide continuous com- 
munication between trains within range and 
between adjacent base stations. ‘The most 
efficient site for the base station rarely coin- 
cides with the 24-hour wayside office from 
which it is controlled. As a result, several of 
the base stations are remotely controlled 
from a 24-hour office, and some, up to 28 
miles distant, are similarly controlled over 
specially developed carrier apparatus operat- 
ing at 175 ke, superimposed on existing 
wires. 

In the way station, the control console is 
located on a desk with push-to-talk button in 
the handset. The console unit makes use 
of a low-voltage low-frequency tone, pro- 
duced when the press switch is operated. 
The tone is transferred by wire to another 
control unit at the transmitter site, either at 
or remote from the control point. This 
second control unit takes the incoming tone 
to energize the transmitter; to send back a 
d-c simplex voltage to give the user at the 
control point a visual indication that plate 
voltage is one; to simultaneously disconnect 
the receiver and connect the transmitter to 
antenna; and to reverse the process to a 
normal standby condition when the tone is 
no longer received. 


All units are automatic plug-in, unitized 
construction type and are serviced at main- 
tenance depots at Marion and Hornell. 
Since all main-line diesel power is operating 
through these two points, opportunity is 
offered to inspect regularly all mobile radio 
equipment. 

When failures occur, the maintainer re- 
places the unit with a spare and ships the 
defective equipment to the Marion shop 
where a Federal Communications Commis- 
sion licensed radio technician makes all 
transmitter adjustments. 

Maintenance of the caboose axle-driven 
generators and converters on all mobile 
installations is performed by the mechanical 
department’s electrical section which is also 
located at Marion. 


The principal radio system is utilized to 
control nine diesel switching locomotives in 
the Marion classification yard and industrial 
area. These locomotives communicate on 
B band with the Marion base station which 
employs a convenient floodlight tower to 
support its antenna. Main-line mobile sta- 
tions contact the Marion station by using 
their B frequency and the base reverses the 
procedure by switching to the A band, the 
normal operating frequency on the main line. 


Before next February, the Erie expects to 
equip with radio 34 smaller passenger, 
freight, and switcher-type diesel locomotives 
in Eastern District service. In addition, it 
faces a tremendous task of substituting three 
new frequencies for those now used in main 
line, New York Harbor service, and yards by 
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order of the Federal Communications Com- 
mission before February 1, 1950. 

When the Erie completes its 4-way radio 
communications system, as discussed, it will 
have what is believed to be the most exten- 
sive and comprehensive main line installation 
of any railroad in the United States. 


Communications System on the Sante Fe 
Railroad; L. R. Thomas (Atchison, Topeka and 
Santa Fe Railway Company, Chicago, Ill.). 

The Santa Fe Railroad operates 13,107 
route miles of track in 12 states and has 
established one of the largest and most 
modern privately owned communications 
systems in the world today. This system will 
consist of the following fundamental circuits: 


Local Morse telegraph circuits for handling of message 
traffic between small stations and from small stations to 
division relay offices. 


Local conversation telephone circuits for handling 
telephone communications between local way stations 
and between local way stations and division offices. 


Dispatcher telephone circuits for the handling of com- 
munication traffic in regards to the movement of trains. 


Trunk telegraph circuits which normally use printing 
telegraph equipment for handling message traffic be- 
tween larger offices. 


Trunk telephone circuits for long line communication. 


The Santa Fe’s communications system 
made up of the afore-mentioned circuits 
consists of 13,984 miles of pole line carrying 
87,322 miles of physical telegraph and tele- 
phone circuits over which 24,075 miles of 
telephone carrier and 59,029 miles of tele- 
graph carrier circuits operate. These cir- 
cuits carry a traffic load of over 36,400,000 
telegrams and telegraphic reports and ap- 
proximately 11,200,000 telephone calls an- 
nually. 


Drawn and Extruded Aluminum Products 
in Relation to the Electrical Industry; 
H. V. Menking (Reynolds Metal Company, 
Louisville, Ky.). 

Drawn and extruded aluminum products 
comprise: drawn wire and cable, drawn 
tubing; extruded tubing; extruded rod, bar, 
and shapes. The combination of low cost 
and favorable properties (notably, high elec- 
trical conductivity, light weight, good resist- 
ance to corrosion, high strength, and ease of 
fabrication) has led to the use of drawn and 
extruded aluminum products in many fields 
of the electrical industry. 

Extruded bus conductors and steel-rein- 
forced transmission cable stranded from 
aluminum wire are lighter than copper con- 
ductors, hence, permit economies through 
greater span lengths. Insulated aluminum 
wire and cable is employed in many indus- 
trial plants. 

Inasmuch as the conductivity of aluminum 
is lower than that of copper, cross sections 
must be increased from 27 to 64 per cent, 
depending upon applicable standards. How- 
ever, since thé weight of aluminum is less than 
one-third that of copper, weight savings of 
50 per cent or more are normally experi- 
enced in spite of the larger area. 

Aluminum-to-aluminum connections in 
conductors are made by argon-arc welding; 
mechanical joints such as compression sleeves 
or bolting, using special petrolatum-base 
joint compounds or silver plating to main- 
tain low contact resistance; or soft soldering. 

Aluminum is joined to copper by flash-butt 
welding; mechanically (the copper part is 
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cadmium-plated to prevent galvanic corro- 
sion; joint compounds are desirable); 
wafer-type bimetallic plates of aluminum and 
copper, joined by soft soldering (sweating). 
The choice of joining methods for aluminum 
to aluminum or to copper depends on the 
application. 

Substations and transmission towers built 
of aluminum shapes and tubing are easily 
erected, require no painting. Aluminum 
sheathing for cable, replacing lead sheathing, 
permits great weight reduction. Aluminum 
conduit is used in many applications where 
lightness, corrosion resistance, or nonmag- 
netic properties are desired. 

The possibilities of aluminum magnet 
wire in motors and of aluminum rotor wind- 
ings in turbogenerators are being investi- 
gated. Some current-carrying switch parts 
made of extruded aluminum, replacing 
bronze, eliminate ‘‘bouncing.’? Some con- 
ductor rails in crane and hoist equipment are 
extruded of aluminum. 

In communication equipment, the good 
shielding characteristics and the light weight 
of aluminum are desirable. Aluminum lamp 
posts are used on highway bridges. Good 
brazing characteristics, high thermal conduc- 
tivity, immunity to rust, and ease of fabrica- 
tion are the factors responsibile for many uses 
of aluminum in electric household appli- 
ances. 


Analysis of Power Costs of Bituminous 
Coal Mines; H. P. Musser (West Virginia 
Engineering Company, Charleston, W. Va.). 

The trends and amount of electric power 
use and cost at bituminous coal mines are of 
interest to the engineer, the executive, and 
the operating man alike. In determining 
these trends, a study of the data based on a 
single year, or even a few years, could result 
in misleading conclusions; but using the data 
from over 400 representative mines for the 
past 26 years makes it possible to determine 
the trends quite accurately. 

The history of electricity as applied to 
bituminous coal mining has been one of 
growing use of inexpensive electric power to 
replace increasingly expensive labor. This 
is natural and proper, and has been ac- 
complished by the mechanization of the 
mines. 

This study of the use of electricity began in 
1918 with a yearly analysis of power use and 
cost for a large group of mines having widely 
varying physical conditions and tonnage out- 
put. By 1923 the items of data collected 
had become stabilized and comparable data 
could be collected each year. For 31 years 
this analysis has been made, each year 
covering over 400 mines, principally in West 
Virginia, Virginia, Kentucky, ‘Tennessee, and 
Pennsylvania, with a few in Ohio and Mary- 
land. 

In 1923 there were 18 per cent of the coal 
companies included in the analysis, operat- 
ing their own generating plants; whereas, in 
1948 this percentage had dwindled to 1.1 per 
cent. The large central station generating 
plants have been able to generate and sell 
power at steadily decreasing costs, while the 
private plant has been handicapped by stead- 
ily increasing labor costs. 

A study of the record of the average mine 
in each tonnage class, for each year from 1923 
to 1948 shows: 


1. Kilowatt-hours required per ton mined. With each 
succeeding year more electricity is required for each ton 
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ot coal mined. The percentage of coal loaded me- 
chanically is increasing rapidly, being approximately 
40 per cent in 1944, and 60 per cent in 1948 for the 
group of mines included in this study. 


2. Cost of units of electricity. The total cost of a unit of 
electricity (kilowatt-hour) purchased by the mines, 
shows a steady and definite decreasing trend. This 
trend may be attributed to rate reductions, bettering the 
load factors, and particularly to the increasing use of 
kilowatt-hours in the lower priced brackets of the energy 
scale. 


3. Power costs per ton of coal mined. The net result of 
progressively lower costs per kilowatt-hour purchased 
and of increased amounts of electricity used in mining 
each ton of coal, has been an almost constant cost of 
power per ton of coal mined, over the period from 1923 
to 1942. Since 1942 there has been an upward trend 
due to inflationary conditions. 


4. Load factor of power purchases. In general, all the 
groups of mines have succeeded in improving the load 
factor of their purchases. The large mines are able to 
maintain the best load factors, due to greater diversity 
of their many power requirements. This is one of the 
main reasons why power costs are proportionally less 
to the large tonnage mines. 


To summarize, the data for the last 26 
years clearly show the increasing use of elec- 
tricity in bituminous coal mining, brought 
about chiefly by increased mechanization; 
the decreased cost of electricity per kilowatt- 
hour, the result of both these trends being a 
practically constant cost per ton for power. 
Also, the continued trend away from private 
steam plants to central station power is quite 
pronounced. 


The Transition Air Navigation System and 
Its Evolution; §. A. Mundell (Air Force 
Member, Air Navigation Development Board). 

Starting with the present 4-course radio- 
range system operating at 200 to 400 kc, the 
paper describes the evolution of a new system 
of air navigation and traffic control which is 
now coming into operation. The present 
system is limited in that only four courses are 
furnished and also in that the frequency range 
suffers from atmospherics and precipitation 
static. ‘The new system includes beacons 
operating in the very-high-frequency range 
from 108 to 118 megacycles and having an 
omnidirectional feature. 

Another feature of the new system is the 
inclusion of distance-measuring equipment, 
by which the pilot or navigator is furnished 
his distance from known points at all times, 
as distinct from occasional checks afforded 
by the present facilities. By adding a com- 
puter to the equipment on the airplane, the 
craft is furnished continuous data on dis- 
tance and direction with respect to any de- 
sired way point or destination different from 
the location of the nearest beacon. 

Improved control of aircraft on the air- 
ways will result from more reliable data be- 
ing in possession of the pilot and being re- 
ported to ground. In addition, radar will 
be used for traffic control in terminal areas, 
Among the equipment yet to be developed is 
that for automatically communicating to 
ground the identity of an airplane its alti- 
tude, and other data. 

Progress on the new system of aids has 
been made to the extent that 200 very-high- 
frequency omnidirectional range stations 
out of a total of 409 have been commis- 
sioned. Development of the distance-meas- 
uring equipment is proceeding rapidly and it 
is hoped that procurement and installation 
will take place within the next year. Speci- 
fications for the computer are being written, 
which should provide that equipment in the 
near future. The Civil Aeronautics Ad- 
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ministration, the Air Force, and the Navy 
have installed and are continuing the installa- 
tion of instrument landing systems (ILS) and 
ground control approach (GCA) at many air- 
ports. All three agencies are obtaining and 
installing radars at airports with heavy traffic. 


Technical Features of Air-borne and 
Ground Distance Measuring Equipment; 
Charles J. Hirsch, R. B. Brunn, H. Blaisdell 
(Hazeltine Electronics Corporation, Little Neck, 
NREIE)s 

Distance measuring equipment (DME) has 
been internationally adopted as a radio aid 
to aviation for short-distance navigation. 
The equipment consists essentially of a 
pulse-type secondary radar comprising an 
air-borne interrogator-responser and a 
ground-station transpondor beacon. The 
air-borne unit finds its distance from the 
beacon and furnishes that information auto- 
matically as a voltage or shaft rotation which 
can be read on a meter and can be used to 
actuate a computer and an automatic pilot. 

The system has been standardized to give 
the distance to any one of 100 ground bea- 
cons. ‘These channels are obtained by a 
combination of paired-pulse coding and fre- 
quency selection. In paired-pulse coding 
each signal consists of two pulses whose time 
separation is characteristic of the particular 
signal. Each of the 100 interrogation paths 
(airplane to ground) consists of a combina- 
tion of one of 10 frequencies lying between 
963.5 and 986 megacycles and one of 10 
interrogation codes having spacings between 
14 and 77 microseconds. Each of the 100 
reply paths (ground to airplane) consists of a 
combination of one of 10 frequencies lying 
between 1,188.5 and 1,211 megacycles and 
one of 10 reply codes which, like the inter- 
rogation codes, have spacings between 14 
and 77 microseconds. No two beacons have 
the same combination of interrogation and 
reply frequencies, so that both frequency and 
code discrimination are always utilized. 

In the design special attention was paid to 
the radio-frequency power output, receiver 
sensitivity, frequency stability, and selec- 
tivity. Usual types of tuned circuits have less 
selectivity with pulse signals than with con- 
tinuous wave signals. ‘This is because pulses 
have extended frequency spectra. New cir- 
cuits are employed which make the selec- 
tivity of the equipment for pulse signals at 
least equal to, and in some cases superior to, 
the selectivity for continuous wave signals. 
Circuits which generate and _ recognize 
paired pulses of characteristic spacing are 
used. ‘These circuits operate even though 
random pulses occur between the two pulses 
of a single pair. 

The number of airplanes that can be 
handled by this system is determined by the 
ratio of wanted signals actually recognized 
by the air-borne equipment to unwanted sig- 
nals. Some unwanted pulse pairs on a com- 
mon frequency are received in such a time 
sequence as to have the time-spacing charac- 
teristic of the desired signal. These pseudo- 
signals increase the apparent number of air- 
planes and beacons and thereby lower the 
total traffic-handling capacity. Curves of 
this effect demonstrate that the system is well 
capable of handling the maximum traffic 
which has been contemplated by the Civil 
Aeronautics Administration for the next 15 
years. 
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The Application of the Rototrol Rotating 
Regulator to Machine Tools; M. H. Fisher 
(Westinghouse Electric Corporation, East Pitts- 
burgh, Pa.). 

The ultimate in machine tool drives is one 
that provides exact speeds for best cutting 
and maximum output. It is desirable that 
this drive have the features of constant speed 
with varying load, remote and stepless speed 
adjustment and speed change while the 
machine is running, as well as economy and 
ease of maintenance. 

The use of adjustable speed electric equip- 
ment has allowed the machine tool manu- 
facturer to eliminate expensive gear boxes 
and obtain better means for driving machine 
tools with simple control, increase speed 
range, and more accurate speed of operation. 
The Rototrol Rotating Regulator has con- 
tributed much toward meeting the machine 
tool builder’s requirements for a speed-regu- 
lated adjustable-speed drive. 

Fundamentally the Rototrol is similar in 
design and theory of operation to a standard 
d-c generator, but is operated on the straight 
portion of the saturation curve and has a 
number of field windings which are con- 
nected in various ways in the electric circuit 
depending on the regulating problem. It 
functions entirely through the interaction of 
these fields. 

The most popular Rototrol regulated ma- 
chine tool drive uses a counter electromotive 
force speed regulator. The fields on the 
power supply generator are arranged in two 
parallel legs of a bridge circuit with resistors 
in the other two legs and the bridge circuit is 
excited at two terminals from the exciter. 
Regulating power is supplied to the genera- 
tor field by a Rototrol connected to the other 
two terminals of the bridge circuit. Approxi- 
mately 1,350 of these drives ranging from 10 
to 100 horsepower in size and designed to 
operate over a 30-to-1 speed range (40 to 
1,200 rpm) have been sold to date. 

Although the Rototrol has been applied to 
machine tools most actively as a speed regula- 
tor, a special Rototrol Rotating Regulator of 
the current limit type has been applied to 
dynetric balancing machines. In the dynet- 
ric balancing machine, the current limit 
Rototrol effectively limits the accelerating 
and decelerating torque transmitted through 
a delicate coupling located between the drive 
motor and the mass to be balanced to the 
maximum safe value which can be trans- 
mitted through the coupling without damage. 

Although the Rototrol can be used for the 
regulation of voltage, current, speed, torque, 
tension, and numerous other quantities 
which can be measured electrically, the 
applications mentioned represent only two of 
these many functions. Perhaps with the 
right application of the ingenuity which ex- 
ists in the machine tool industry, more active 
use of the Rototrol to control other quantities 
can be developed. 


Electronic Control as Applied to Grinders; 
J. M. Morgan, Jr. (Cincinnati Milling Machine 
Company, Cincinnati, Ohio). 

Large precision grinding machines are a 
typical example of a machine tool requiring, 
along with many other features, a wide 
speedrange drive. As engineered and manu- 
factured by the Cincinnati Milling Machine 
Company, and with the proper application 
of a standard electronic motor drive, these 
machines illustrate the flexibility, reliability, 
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and accurate speed control that are inherent 
characteristics of electronic control. 

The paper describes the requirements of a 
cable drive on a precision grinding machine, 
and how by proper design and application 
of both mechanical and electrical compo- 
nents the various problems encountered have 
been solved. The electronic motor control 
has not been described, except where re- 
quired for clairty, since it has been thoroughly 
covered by previous papers. 

The requirements for a precision grinding 
machine table drive are wide speed range, 
ample starting torque, accurate speed con- 
trol, freedom from vibration, simple, con- 
venient operation, smooth acceleration and 
deceleration, and adjustable tarry time at 
each end of travel. Many of these features 
are a basic part of electronic motor control. 
Others require additional mechanical and 
electrical control. 

The electronic table drive can be consid- 
ered as being made up of several component 
circuits, which are an electronic motor drive, 
reversing control, starting control, slowdown 
control, and adjustable tarry time control. 

The electronic table drive provides a wide 
range speed control that is reliable, easy to 
operate, and economical. As used on large 
precision grinding machines, it illustrates the 
flexibility that can be easily obtained with 
this type of control. In addition, it shows 
how a standard commercial product can be 
used on a standard machine tool by proper 
application and engineering. 


Electrical Control of Belt Conveyors; 
W. F. Roberts (The Jeffrey Manufacturing 
Company, Columbus, Ohio). 

Belt conveyors, for coal mine use, have 
developed into various combinations of tan- 
dem and cross conveyors serving, in many 
instances, a square mile or more of territory. 
For economic reasons an operator cannot be 
stationed at the control unit of each individ- 
ual conveyor to start or stop it at the proper 
time. The usual practice is to have only one 
operator who is located at the discharge end 
of the system to supervise the flow of coal. 

Thus an interlocked sequence control 
arrangement is necessary properly to start or 
stop the system of conveyors from one or more 
places. Control should provide for starting 
the outby conveyor first and inby conveyors 
in sequence in such manner that no conveyor 
can start until its receiving conveyor has 
first started. Provision should also be made 
to prevent piling up of coal at transfer points. 
For safety it should be possible to stop the 
belt from any point along its length. 

Impracticability of having close super- 
vision over the thousands of feet of conveyor 
length makes it essential to have automatic 
protection against damage to the expensive 
belting. As an example if a belt splice orbelt 
tension device should fail, the belt would stop 
but the motor would continue running. 
Friction between lagged drive pulleys and 
stationary belt could set the belt on fire with 
the possibility of a bad mine fire and it could 
cause burnt-out lagging and ruined bearings. 

The control should be arranged to stop the 
motor if the belt separates or stops because of 
jamming of coal against roof or loss of tension. 

Where cross conveyors discharge on to 
main belts, with no operator at this point, it 
is desirable to have automatic surge protec- 
tion to prevent spillage. When the main 
conveyor is loaded to capacity, the cross con- 
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veyor should shut down and should restart, 
automatically, when the load on the main belt 
becomes normal. 

Finally, when shuttle cars discharge on a 
belt conveyor it is advantageous to have a 
high belt speed (about 500 feet per minute) 
during the unloading period so the shuttle 
car can unload quickly. At other times half 
speed is desirable for safety when carrying 
men or supplies or for less maintenance cost. 

Two-speed control can be provided to suit 
these conditions. 


Preliminary Report on Survey of Opera- 
tion of Mercury Arc Rectifiers; W. N. 
Farquhar (Aluminum Company of America, 
Pittsburgh, Pa.). 

Early this year the Application Subcom- 
mittee of the Committee on Electronic 
Power Conventions prepared a questionnaire 
which was sent to all users of mercury arc 
rectifiers in America. Since requirements of 
various applications differ, the users were 
divided into the following three classifications: 


Electrochemical service. 
Railway transportation service. 
3. Mining, steel, and industrial service. 


Nn 


Basically the questionnaires for each classi- 
fication were the same; however, due to 
variations in service requirements, the details 
of a portion of the questionnaires differed to 
conform with the type of service. The 
major items included in the survey were: 
number of units, unit capacity, type of recti- 
fier and switchgear, a-c supply, and direct 
voltage, cooling, operating, and maintenance 
man-hour requirements, types of troubles, 
and spare part requirements. 

Questionnaires were sent to a total of 656 
users of which 80 per cent were in the mining, 
steel, and industrial classification, and 10 per 
cent each in the other two. Approximately 25 
per cent of the questionnaries sent out have 
been returned to date. 

The sponsoring committee believes that 
the survey results will be of benefit to both 
users and manufacturers by providing a 
comprehensive source of operating experience 
and indicating where design improvements 
are most desirable. Also, the survey results 
could be used to develop a standard log or 
record form which would help users to stand- 
ardize operating and maintenance records. 


Automatic Programming of Machine 
Cycles; R. N. Eck (Cutler-Hammer, Inc., 
Milwaukee, Wis.). 

Programming is herein used to denote the 
setting up of a series of machine operations 
which will take place automatically. Flexi- 
bility, or ease in changing from one program 
to another, ‘is particularly to be stressed. 

One means of program selection is based 
upon the operation of limit switches in the 
proper sequence. For example, in a turret 
lathe a limit switch can be operated in each 
position of the turret for the purpose of select- 
ing a different work speed for each turret 
face. ‘The work speeds can then be preset to 
the desired values and the machine will 
change automatically, 

This system of control can be expanded to 
apply to other machines and to include a 
selection of the function desired. The limit 
switch used to select the first operation de- 
sired makes a circuit to a number of selector 
switches, the position of which sets up the 
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operation. As this operation progresses, 
another limit switch is operated to set up the 
second operation in a like manner. The 
complete machine opration is thereby con- 
trolled with great flexibility of setup. 

In many instances it is not convenient to 
use a series of limit switches to control the 
machine sequence. Here a stepping-type 
relay might be used. This relay is stepped by 
electric impulses so that it makes a series of 
electric circuits in sequence. At the end of 
the operation it can be electrically reset to 
its starting position. 

An application of this relay to the control 
of a machine program is found in a certain 
internal thread grinder. In this machine it 
is necessary automatically to reform or true 
the grinding wheel during the grinding cycle. 
A series of selector switches on the control 
panel provides a simple, flexible means of 
obtaining grinding passes and truing opera- 
tions in any sequence desired up to a maxi- 
mum total of 15 operations. More selector 
switches combined with more steps on the 
relay could provide a higher total if desired. 
Once the setup man has determined the 
manner of grinding a given piece of work, 
the production will be accurately main- 
tained. 

Counters and timers can also be used to 
control machine programs. 


Cable Reel for Use On Mine Locomotives; 
J. R. Doig (General Electric Company, Erie, Pa.). 

The first electric mine locomotive was 
operated by the Lykens Valley Colliery of the 
Pennsylvania Railroad in 1887, about five 
years ahead of the first trolley car. In1902a 
mechanical cable reel was developed and the 
room gathering locomotive came into use for 
handling empty and loaded coal cars to and 
from the room face. This reel was merely a 
device for automatically extending the trolley 
wire about 500 feet from any point. The 
first application was in the Cayuga Mine of 
what is now the Glen Alden Coal Company 
at Scranton, Pa. 

The cable reel was motorized in 1908 us- 
ing a small geared motor with a resistor in 
series. This improved reeling characteris- 
tics and had less maintenance. 

In 1930 at the New Orient Mine of 
Chicago, Wilmington, and Franklin Coal 
Company a scheme of controlling the reel 
motor torque was applied automatically to 
insure adequate reeling-in pull and low 
unwinding pull on the reel cable. Contacts 
were added to the reverse cylinder of the con- 
troller for regulating the amount of series 
resistance in the cable reel motor circuit. 

An automatic transfer switch made up of 
contactor units with holding coils connected 
from power source to ground through 
crossed interlocks, took the place of the 
early hand transfer switch for changing be- 
tween cable reel and trolley power. Mine 
safety rules forced the development of this 
100 per cent safe device. 

At one time double conductor reel cable 
was common in nongaseous mines, the 
second conductor being used to supplement 
the rail return conductor, being grounded on 
the locomotive. On modern sealed-equipped 
locomotives for use in gaseous mines the 
second conductor has its own collector ring, 
the locomotive operating on metallic circuit 
from cable reel to insure against sparking at 
the rail. 

Cable reel operation has become so success- 
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ful and so fast as to force the use of a single 
handle plugging controller to take advantage 
of it. This is a part of the easy, fast, and ac- 
curate operation necessary behind a loading 
machine. 

Cable used on a 24-inch diameter vertical 
axis drum reels automatically on 8 inches of 
height with a 58 per cent space factor. Con- 
centric double conductor cable winds better 
and is safer to handle than the flat duplex 
type, but is not so easy to splice when cut. 
Maximum cable size used is number 2 on 
250-volt systems. 

Power required to operate an electric 
cable reel averages 25 kilowatt-hours for a 7- 
hour shift. 


Trolley Phone Mine Communication; 
W. P. Place (Farmers Engineering and Manu- 
facturing Company, Pittsburgh, Pa.). 

Carrier current underground to provide 
communication between fixed points and 
moving locomotives presented a number of 
special problems. Commutator ripple, un- 
certain contact of trolley shoes and wheels on 
sanded rails, and ignitron rectifiers cause an 
unusual amount of interference. ‘The trolley 
system has many branches and many different 
loads which impair its effectiveness as a 
transmission line. Voltage variations, me- 
chanical shock, heat, and dampness also need 
to be considered. These problems had to be 
solved either partially or completely to make 
up a workable system. 

The high noise level makes a high gain in 
the receiver unnecessary, but a squelch cir- 
cuit had to be used that would weigh noise 
against signal over wide limits. The react- 
ance tube in the transmitter is stabilized to 
keep frequency drift within bounds even with 
widely varying plate and heater voltage, and 
the equipment is compact as possible be- 
cause of space limitations. All parts need to 
be well anchored and the transreceiver 
cushioned on rubber to take care of shock 
and vibration. 

All equipment, transreceiver, speaker, 
microphone, and so forth, must be able to 
withstand water dripping from the roof of 
damp mines and also rain where part of the 
haulage is above ground. 

Liberal use of baking varnish and wax is 
needed to eliminate internal moisture troubles 
caused by high humidity in the summertime 
brought about by large amounts of outside air 
blown through the mine. 

Transients from ignitron rectifiers often 
need to be filtered and sometimes a few 
motors need the same treatment. Parallel 
circuits, such as existing telephone lines, some- 
times support the signal normally carried by 
the trolley. In many cases the coverage has 
been extended to seven or eight miles by 
coupling the trolley to the telephone line by 
means of impedance matching high-fre- 
quency transformers. 

Noise produced by locomotives pulling 
cars requires the use of close talking micro- 
phones and sharp loud-speakers. Carbon 
microphones and re-entrant type loud- 
speakers have proved satisfactory. 

The best frequencies to use seem to lie in 
the 30- to 100-ke range with no one fre- 
quency being outstandingly better than any 
other. 

Enabling all motormen to talk to any and 
all others as well as to the dispatcher by 
means of this common talking press-to-talk 
system has resulted in gains in both efficiency 
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and safety far above what might have been 
anticipated. 


Motor Ripple Voltage and Its Application 
to Plugging Relays; $. Noodleman (Standard 
Dayton Corporation, Dayton, Ohio). 

Motor ripple voltage is defined as the volt- 
age generated in the windings of a squirrel- 
cage induction motor by the flux of the rotor 
teeth and rotation of the rotor. Thus, its 
frequency is the product of the number of 
rotor teeth and the rotor speed. The charac- 
teristics of this voltage are described for 
variations in input voltage, motor air gap, 
and rotor resistance. The data show that 
motor ripple voltage, both in magnitude and 
frequency, serves as an accurate reference of 
rotor speed and may be suitable for many 
applications which require the use of motor 
speed for control purposes. 

One method of bringing induction motors 
to a rapid stop is by plugging. This method 
applies voltage of reverse phase to the motor, 
so that the motor rapidly decelerates, power 
being removed from the motor the instant 
the motor is at zero speed. The conven- 
tional control for this purpose is the ‘‘zero 
speed switch.’’ This device is mechanically 
coupled to the motor and serves to drop out 
the starter at the proper speed to bring the 
motor to rest. 

The plugging relays discussed in this re- 
port connect to the windings of the motor 
and utilize the ripple voltage generated by 
the rotor to control the starter in the same 
manner as the zero speed switch. They re- 
quire no mechanical connections to the 
motor and may be panel-mounted and pro- 
tected from the dust, dirt, oil, and vibration 
usually encountered by zero speed switches 
in the field. Their application to machine 
tools and other industrial equipment is 
described, as well as the inherent differences 
between these types of relays and the con- 
ventional type of mechanically operated 
switches. 

A squirrel-cage induction motor is de- 
scribed which, while having the usual per- 
formance characteristics of a standard induc- 
tion motor, also supplies at its terminals rela- 
tively large amounts of ripple voltage without 
the usual line frequency voltage which is 
normally present in the windings of conven- 
tional-type motors. ‘This ripple voltage may 
be used for control without filters or other 
attenuation networks. 

The use of this type of motor is described in 
position-stop systems, as well as other systems 
where a very accurate degree of control is 
desired in order to bring the machine to a 
precise stop. ‘Tests show that the maximum 
errors which occur with this system of control 
are due to the time delays which occur in 
the magnetic starters and the variations in 
their operation. 

This type of motor, when manufactured in 
the subfractional sizes, may be used directly 
as a tachometer by coupling it to the rotating 
member and feeding the generated ripple 
voltage into a switch voltmeter. A unique 
type of timer is also available through the 
use of the ripple voltage generated by these 
motors in combination with a series of re- 
lays, since a precise interval of time is re- 
quired to plug these motors from idle speed to 
any given lower speed. The use of these 
types of motors for servo control is also indi- 
cated, since an accurate speed reference may 
be obtained for feed-back purposes. 
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What the Automotive Industry Expects of 
Electric Equipment on Machine Tools; 
W. B. Nichol (Chevrolet Division of General 
Motors Corporation, Detroit, Mich.). 

What does the automobile industry expect 
of electric equipment on machine tools? 
The automobile industry expects of electric 
equipment on machine tools nothing more 
than one is entitled to expect of the electric 
and mechanical equipment on an automo- 
bile, namely, the assurance that the machine 
will be capable of performing dependably 
and with a minimum of maintenance inter- 
ruption the job for which it was designed, 
from the day it is delivered until it is retired. 
To achieve this purpose the “Joint Industry 
Committee Electrical Standards for Indus- 
trial Equipment’? have been written by an 
interested group of engineers. 

It must be recognized that this or any other 
standard can be no substitute fos knowledge 
of the job requirement. In some instances 
the size or apparent inflexibility of some of 
the automotive user plants has complicated a 
situation where the standard has been speci- 
fied but the opportunity to explore and 
straighten out a difference of opinion be- 
tween the vendor and the user has been 
denied. 

The big problem has always been to get 
equipment which is rugged enough for the 
type of service, so placed as not be subjected 
to needless hazards, and accessible enough 
that it can be repaired easily, quickly, and 
with a minimum of waste motion. ‘The 
standards call for no frills, but they permit of 
no skimping either. ‘The simplest effective 
solution is the one which is wanted. 

To amplify further the initial question 
concerning what the automobile industry 
expects of electric equipment on machine 
tools, one must look at how the automobile 
industry uses machine tools nowadays. The 
tools are placed in close proximity to each 
other to permit the work to be passed from 
one operation to the next with no waste 
motions. ‘This means in many instances 
that a dry boring machine may be adjacent 
to a wet grinder which on occasion splashes 
coolant onto the former. Or perhaps a 
broach is so close to a dry grinder that the 
electric equipment of both are subject to the 
metallic dust which inevitably gets away 
from the latter no matter how much effort is 
made to prevent it. On the other hand, one 
machine may be placed where it creates no 
operating hazard for its neighbor, but does 
interfere with its maintenance if everything is 
not properly located. ‘The things which are 
demanded are controls and wicing installa- 
tions which will resist the type of hazard just 
described and when there is a breakdown, will 
permit it to be repaired easily and quickly. 

It is hoped that ultimately the automobile 
industry can be assured that the machine 
tool they buy ‘“‘off the shelf” will be as safe, 
rugged, and as easily repaired (yet with a 
minimum stock of repair parts) as though the 
job were customer-specified. Pleasing ap- 
pearance, while no doubt desirable if pos- 
sible without hampering the utility, is 
definitely an unimportant consideration. 


General Principles of Applying Clutches 
and Brakes to Machine Tools; Glenn 
A. Spohn (Gregg and Spohn, Cincinnati, Ohio). 
Clutches and brakes are in general use on 
machine tools to control the output speed of 
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the driven member. In selecting a unit some 
of the important problems are 


Speed of start or stop. 

Machine shock. 

Heat. 

Life. 

Ease of torque adjustment. 

Simplicity, ease of maintenance, reliability. 
Design engineering. 

Cost. 


bebe Cae Ss ts 


1, Will it start and stop the machine quickly 
enough? 


The time (in seconds) to start or stop is equal 
(WR?) (RPM) 
ee Ne ieee 
308 T 


WR? is inertia in pounds feet squared of the 
driven member 


RPM is revolutions per minute change of 
speed 


T is average torque exerted in pounds feet 


The foregoing formula disregards the fric- 
tion load. Knowing the duty cycle neces- 
sary, the designer can calculate or estimate 
the WR? of the members and can calculate 
the average torque required to perform the 
operation. 


2. Will it shock the machine too much? The 
amount of shock will vary from practically 
zero for low gear speeds (as during starting) 
even though the average torque during the 
interval is high, to a maximum during the 
stopping cycle from high gear speeds if the 
stopping torque is applied suddenly at the 
same values. This would help to explain 
why it is possible to start a gear train by 
starting the driving motor at full voltage 
without noticeable shock, but when applying 
the same type of stopping torque by plugging 
the motor the shock is excessive. ‘This has 
necessitated the use of reduced voltage plug- 
ging controls in many cases, and this becomes 
expensive, difficult to adjust the torque in the 
field, and limits the available torque to the 
allowable shock values. 

For quick, shockless changing of speeds it 
is preferable that the application of torque be 
started at zero and then built up to its maxi- 
mum value in a period of time along enough 
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to take out all of the backlash on the system. 
This is a characteristic of a unit which has a 
comparatively high inductance (moment of 
inertia), is excited by direct current, and 
always delivers torque in some proportion to 
its magnetic flux. The backlash of the sys- 
tem is then taken up as the torque is gradu- 
ally, although rapidly, increased and there is 
no appreciable difference in speeds at the 
time of impact. 


3 and 4. Will it get too hot? Will it have 
reasonable life? The proper selection of the 
unit depends upon the inertia of the members 
to be controlled, the rate of applications per 
minute, the allowable time of operation, and 
the type of load on the driven members. All 
these factors contribute to heating, and heat 
dissipation is one of the most important fac- 
tors in successful operation of the unit. This 
becomes all the more apparent when we con- 
sider that the energy to be dissipated in heat 
is equal to the energy change in the system 
(neglecting the effects of friction) per start 
or stop. 


5. Can it be easily adjusted to the proper value 
or torque? Any device that can easily be ad- 
justed in the field may save trouble calls and 
assure customer satisfaction. 


6. Is it simple, easy to maintain, reliable? 
Reliability, simplicity, and lack of main- 
tenance obviously would be extremely ad- 
vantageous. 


7. Is it easily engineered into design? The 
members should be as complete as possible in 
themselves, compact, and have minimum 
mechanical adjustments. 


8. Willitcost too much? Any device that will 
cost money to install in the machine must 
justify itself either in increased production, 
ease of operation of the machine, safety, or in 
some other way. At a normal cost of opera- 
tion of $5 an hour, or $10,000 a year, an 
increased production of even five per cent 
would amount to $500, thus the savings 
accruing from use of any combination of 
clutches or brakes can be evaluated in terms 
of dollars, and such information is sometimes 
the deciding factor in the purchase of a 
machine. 
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A New Control for Direct Drive Presses; 
W. E. Large (Westinghouse Electric Corporation, 
Cheektowaga, N. Y.). 

Some 15 years ago it was found that a very 
satisfactory power switch for alternating 
current could be obtained by using ignitrons 
connected in “inverse parallel,’ or, as it is 
spoken of more often, ‘‘back to back.’? The 
widest application for this scheme has been 
in resistance welding. Years of experience 
on thousands of resistance welding jobs has 
proved that the ignitron contactor can suc- 
cessfully replace magnetic contactors, par- 
ticularly in the switching of heavy power 
currents. When the currents exceed 150 
amperes, magnetic contactors will not stand 
up under severe repetitive service. 

The similarity of switching in resistance 
welding to that required for the larger direct- 
drive presses naturally suggested considera- 
tion of ignitron power switching. ‘The main- 
tenance of magnetic contactors operating 
many times per minute and breaking cur- 
rents of thousands of amperes can be very 
costly, not only in replacement parts and the 
labor to install them, but in shutdown time 
of the apparatus being controlled. Re- 
placement of magnetic contactors with igni- 
tron contactors will take advantage of the 
silent, undemonstrative operating charac- 
teristics of the ignitron to control the heavy 
currents as fast and often as required. Elim- 
ination of moving parts will reduce the 
maintenance requirements to a minimum. 
Shutdown time will also be drastically re- 
duced, for the trouble-free operating life of 
ignitrons can be measured in years. 

A secondary advantage to be gained from 
the use of ignitron contactors stems from the 
ability to control the firing point of the igni- 
tron during the voltage cycle. ‘The correct 
starting point to obtain minimum current 
transients or surges can be precisely deter- 
mined, and will be accurately repeated on 
every start. The closing point of magnetic 
contactors is a random affair, and the worst 
starting transients will be produced some- 
time during repetitive operation. The 
elimination of these transients will result in 
more stable line conditions, and reduced 
mechanical shock to the motor. 
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moet UTE ACTIVITIES 


AIEE Winter General Meeting Again 
Scheduled for Hotel Statler in 1950 


Inasmuch as last year’s meeting was so 
successful, the AIEE Winter General Meet- 
ing will again be held in the Hotel Statler 
in New York, N. Y., during the week of 
January 30 through February 3, 1950. This 
change from the Engineering Societies 
Building to the Hotel Statler was made to 
provide more adequate meeting space and 
room facilities for scheduling committee 
meetings. The choice of the Hotel Statler 
will also prove advantageous to those out-of- 
town members who are in a position to use 
the Pennsylvania Railroad, as the Penn- 
sylvania Station is adjacent to the headquar- 
ters hotel and connected to it by means of an 
underground passageway. 

An extensive technical program is now in 
the course of development. The technical 
committees have shown an early interest in 
this winter’s general meeting, as evidenced 
by the large number of technical sessions 
already requested. An incomplete tally 
shows 53 sessions scheduled. 


ENTERTAINMENT 


The highlights of the evening entertain- 
ment program include the smoker at the 
Hotel Commodore on Tuesday, January 31, 
and also the very popular dinner—dance which 
will be held on Thursday evening, Feb- 
ruary 2, at 7:30 p.m., in the main ballroom 
of the Hotel Statler, the center of all meeting 
activities. Formal dress is requested. More 
than 350 persons attended the affair last 
year and enjoyed an evening of good food, 
pleasant conversation, and general socia- 
bility. A popular innovation begun last 
year will be repeated, according to Chairman 
E. T. Farish. Dinner tables will not be 


placed on the dance floor. Thus each 
group will be able to remain at its original 
tables. Reservations may be made with the 
Dinner-Dance Committee, AIEE Head- 
quarters, 33 West 39th Street, New York 18, 
N. Y. Each table will seat a group of ten 
persons. 

It is expected that the price of the tickets 
for these two events will be the same as 
last year, namely, $8 and $11 respectively. 

An extensive program for the entertainment 
of the women attending is being organized 
under the direction of the Ladies’ Enter- 
tainment Committee. 


HOTEL RESERVATIONS 


Members planning to attend the AIEE 
Winter General Meeting are urged to make 
hotel reservations now or as early as possible 
to be sure of accommodations. Blocks of 
rooms have been set aside at the Hotel 
Statler (meeting headquarters) and nearby 
hotels. 

Reservations must be made before Jan- 
uary 20, 1950, and requests for reservations 
should be sent directly to the hotel of choice, 
but only to one hotel. A copy of the request 
should be sent to C. N. Metcalf, Vice- 
Chairman—Hotel Reservations, care of the 
Consolidated Edison Company of New York, 
Inc., Room 1350-S, 4 Irving Place, New 
York 3, N. Y., and a second and third choice 
should be indicated thereon. Ifaccommoda- 
tions are not available at the hotel of first 
choice, the Hotel Reservations Committee 
will arrange for transfer of the request to one 
of the other meeting hotels. Room rate de- 
tails will be found on page 1000 of the Novem- 
ber issue of Electrical Engineering. 


Sewaren Generating Station, to be inspected during the Winter General Meeting in 
New York, N. Y. 
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Institute Activities 


Theater Tickets—1950 Winter 
General Meeting 


It is expected that tickets for the 
following shows will be available to out- 
of-town AIEE members during the week 
of the 1950 Winter General Meeting in 
New York City. 


Orchestra Seats: Monday, January 30, 
through Thursday, February 2, evenings. 


(Wednesday matinee, $3.60) 
Where’s Charley 


Enclose check in proper amount 
made payable to ‘‘American Institute of 
Electrical Engineers,’ with request 
for reservation and mail to Theater 
Ticket Committee, care of AIEE, 
33 West 39th Street, New York 18, 
N. Y. Preference will be given to 
requests for even numbers of tickets. 
The right is reserved to reduce indi- 
vidual allotments to two seats, if demand 
exceeds supply for specific shows. In 
event of sellout, checks will be returned 
unless second choice of show or date is 
given. 


AIEE/IRE Branch at MIT 
Reports Year’s Activities 


With a current membership exceeding 
250, the AIEE-Institute of Radio Engineers 
Student Branch at the Massachusetts In- 
stitute of Technology, Cambridge, Mass., 
reports the end of an extremely active 1948- 
49 year. The present membership rolls 
include 103 local members, more than 100 
Student members of AIEE, and 50 or more 
student members of IRE. Jack C. Acton 
was Chairman for 1948-49. 

The group has held a total of 15 meetings 
the past year, and it has gone out in the 
field to visit five different plants. These 
meetings have been varied in nature, as was 
intended, since the program policy of the 
organization has been to offer its members 
and any other interested students and 
instructors a wide view of the electrical 
engineering field. Whenever it was prac- 
tical, a practice of following up a meeting 
at the school with an appropriate plant trip 
was used, It was found that this policy of 
combining a talk and questions at a meeting 
with further discussion and questions out at a 
plant offered the interested student a 
knowledge which might not be usually ob- 
tained until he was out of school. The 
speaker of the evening was requested to 
bring visual material such as movies or slides; 
in one or two cases actual demonstrations of 
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equipment were given. The New England 
Telephone and Telegraph Company and the 
General Electric Company offered much 
valuable help by providing appropriate mo- 
vies on several occasions. 

In the communications field, a meeting was 
held in which S. V. Stadig, the technical 
supervisor of nearby WBZ-TV, presented 
the problems of constructing and operating 
a large television station. This meeting was 
followed by a plant trip to the station, during 
which the members were permitted to go 
through practically every portion of the 
station. A movie by the Bell Telephone 
System concerning wartime sonar and radar 
was followed by a meeting in which Frank 
D. Lewis of the General Radio Company 
discussed ‘‘Radio Countermeasures in World 
War II,” illustrating his talk with a movie 
and a demonstration of some of the equip- 
ment. The branch then offered its members 
an insight to the Naval Ordnance Labora- 
tory and the Bureau of Standards in Wash- 
ington, D. C. The jobs and problems of 
the government scientist and engineer were 
thoroughly discussed and were illustrated. 
Dr. Weller of the Naval Ordnance Labora- 
tory and Mr. Hilsenrath of the Bureau of 
Standards were the speakers at this meeting. 

Shortly before the end of the first semester 
a special meeting was held at which com- 
mittees were formed so as to give more of 
the members an active voice in the pro- 
gramming and policy of the branch. The 
turnout was good, and the result was that 
40 students were formed into groups to plan 
meetings, trips, publicity, and so forth. As 
the year progressed new subjects in the elec- 
trical engineering field were covered. David 
Smith, of the Philco Company, came in 
from Philadelphia to tell the group about 
the appliance and radio industry, and what 
the new engineer could do in this field. 
Later, George Orrok, superintendent of 
engineering for the Boston Edison Company, 
gave a talk on the problems of good power 
plant design, both from the mechanical and 
electrical standpoints. This meeting was 
followed by a trip to one of Boston Edison’s 
newest and largest power plants. Next, the 
branch offered a meeting in which Dr. Kelly 
of the Bell Telephone Laboratories in New 
York discussed the problems and relative 
position of the electrical engineer in research, 
illustrating his talk with examples of prob- 
lems from the Bell Laboratories and slides 
showing the work done there. This meeting 
was followed by a trip to the Radio Relay 
Center of the New England Telephone and 
Telegraph Company. H. H. Scott then 
talked to the group about his dynamic noise 
suppressor, which he manufactures, _illus- 
trating the discussion with a complete 
demonstration of the equipment. At the 
last regular meeting of the year, Dr. Gordon 
Brown of the MIT Servomechanism Labora- 
tories came to the group to discuss the how 
and why of servomechanism operation. 
At an extra meeting, L. S. Cooke, of Gen- 
eral Electric, gave a complete talk and 
demonstration on electric lighting sources. 

The branch climaxed the events of the 
year with a banquet at which Dr. Dana 
Farnsworth was the principal speaker. A 
large number of the members were present, 
and during the evening officers for the next 
year were installed. Men of industry were 
invited as guests, and held discussions and 
answered questions concerning their in- 
dustries. 
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New Technical Sessions Featured 


on Fall General Meeting Program 


Presenting a total of 32 technical sessions 
and conferences, including one _ general 
session, the AIEE Fall General Meeting was 
held in Cincinnati, Ohio, October 17-21, 
1949. Headquarters were in the Netherland 
Plaza Hotel. Several of the meeting’s tech- 
nical sessions marked innovations in the 
presentation of technical matter before the 
Institute, such as the sessions on mining and 
metal industry, aluminum, and cable acces- 
sories. Other sessions on rotating machinery, 
industrial control, and the conferences on 
machine tools were particularly fitting for 
presentation in Cincinnati, which is known as 
the center of the machine-tool industry. 
Inspection trips to nearby industries, a stag 
smoker, dinner—dance, and a special program 
for the ladies completed a profitable and 
enjoyable week. The total registered attend- 
ance of members, guests, and students was 
1,045. 


GENERAL SESSION 


The general session was held on Tuesday 
morning with a series of three addresses by 
Dr. Raymond Walters, President, University 
of Cincinnati; James F. Fairman, President of 
the AIEE; and Robert S. Peare, Vice- 
President in Charge of Public Relations of 
the General Electric Company. Prize- 
paper awards for District 2 were presented to 
the winners by Vice-President C. G. Veinott. 


ADDRESS OF WELCOME 


The general meeting was opened by E. S. 
Field, General Chairman, who expressed 
happiness on having the Institute meet in 
Cincinnati, and told how diligently the local 
committee had worked on the program 
arrangement. He introduced President Fair- 
man, who, in turn, introduced Dr. Raymond 
Walters, President of the University of Cin- 
cinnati. 

Dr. Walters gave an interesting account of 
the historical background of the city and the 
river which was great and colorful 100 years 
ago. With the passing of the steamboats 
people bemoaned the fact but the traffic on 
the river became greater than anyone ever 
dreamed of. He explained that the lives of 
the city and the university were entwined, 
and he referred to the broad diversity of 
industry found in Cincinnati, ranging from 


soap and machine tools, to pianos and auto- 
mobile bodies. Stating that no profession 
has a higher code than the engineering pro- 
fession, he pointed out that in 1836 one of the 
first courses in engineering was established in 
Cincinnati College and in 1884 a course in 
civil engineering was begun. 

Dr. Walters continued by quoting from an 
address by Winston Churchill at Boston 
Garden last Spring during the Mid-Century 
Convocation at the Massachusetts Institute 
of Technology, which was considered a great 
tribute to American education: 


We have suffered in Great Britain by the lack of colleges 
of university rank in which engineering and the allied 
subjects are taught. Industrial production depends on 
technology and it is because the Americans, like the pre- 
war Germans, have realized this and created institutions 
for the advanced training of large numbers of high-grade 
engineers to translate the advances of pure science into 
industrial technique, it is for that reason that their output 
per head and consequent standard of life are so high. 


Dr. Walters said that Mr. Churchill’s 
remarks were based on a parliamentary re- 
port in Great Britain and he drew attention 
to the remarkable group of people England 
has in pure research, chemistry, and physics; 
however, he maintained that when it comes to 
applying that knowledge to manufacturing 
and mass production, America is far ahead. 
He attributed our success to the combina- 
tion of independence and interdependence 
with, in turn, freedom of thought, and he 
said that he confidently believes that the 
technology of this race would win out in the 
long run. 

Dr. Walters paid tribute to Herman 
Schneider, the founder of co-operative 
education, and stated that the whole faculty 
at the university was inspired by him. _ Point- 
ing out that co-operative education was 
established at the University of Cincinnati in 
1906, he explained that this is no idealistic 
scheme but that it is a tried and proved 
method in which industry can co-operate 
with education. It is a more difficult way, 
but one way which is exemplified by the 
3,000 laboratories and universities which 
supply the doctors and te reason, or basis, 
on which we have had the miracle of mass 
production. In conclusion, Dr. Walters 
urged that engineers keep in touch with their 
educational institutions, and in this way 
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At the speakers’ table during the general session are shown (left to right): H. H. Henline, 

AIEE Secretary; Dr. Raymond Walters, President, University of Cincinnati; James 

F. Fairman, AIEE President; Robert S. Peare, Vice-President of the General Electric 
Company; C. G. Veinott, AIEE Vice-President 
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America can fulfill its great destiny. With 
ample opportunities for leisure and culture, 
he said that he believes that one of the jobs 
of the future would be to train for leisure and 
he appealed for help in the field of education 
to fulfill the dream of our forefathers and our 
own high aspirations. 


“PROFESSIONAL UNITY AT THE GRASS 


ROOTS” 

In an address, ‘“‘Professional Unity at the 
Grass Roots,’’? President James F, Fairman 
applied the term “‘grass roots’’ to the students 
in the engineering schools who are the future 
members of the profession. He proposed 
courses of individual and group action which 


Future AIEE Meetings 


Winter General Meeting 

Hotel Statler, New York, N. Y. 
January 30-February 3, 1950 

(Final date for submitting papers—closed) 


AIEE Conference on Electric Welding 
Detroit, Mich. 
April 5-7, 1950 


AIEE Textile Conference 
Georgia Institute of Technology 
Atlanta, Ga. 

April 13-14, 1950 


AIEE Power Conference (Power Genera- 
tion and Power Supply for Industrial 
Plants) e 

Hotel William Penn, Pittsburgh, Pa. 

April 19-20, 1950 


AIEE Conference on Electrical Engineer- 
ing Problems in the Rubber and Plastics 
Industry 

Akron, Ohio 

April 1950 


North Eastern District Meeting 

Sheraton Biltmore Hotel, Providence, R. I. 
April 26-28, 1950 

(Final date for submitting papers—January 26) 


AIEE Conference on Improved Electronic 
Components and Assemblies 

Washington, D. C. 

May 8-10, 1950 


Great Lakes District Meeting 

Hotel Hayes, Jackson, Mich. 

May 11-12, 1950 

(Final date for submitting papers—February 70) 


Summer and Pacific General Meeting 
Huntington Hotel, Pasadena, Calif. 
June 12-16, 1950 

(Final date for submitting papers—March 14) 


Middle Eastern District Meeting 
Lord Baltimore Hotel, Baltimore, Md. 
October 3-5, 1950 

(Final date for submitting papers—July 5) 


Fall General Meeting 

Skirvin Hotel, Oklahoma City, Okla. 
October 23-27, 1950 

(Final date for submitting papers—July 25) 


1951 Winter General Meeting 

New York, N. Y. 

January 29-February 2, 1951 

(Final date for submitting papers—October 37) 
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would benefit the students, the schools, the 
employers, and the profession. The full text 
of President Fairman’s address appears on 
pages 1021-3 of this issue. 


‘THE UNSEEN THINGS IN YOUR PRODUCTS” 


An inspiring address, ‘The Unseen 
Things in Your Products,’ was given by 
R. S. Peare, Vice-President in charge of 
Public Relations of the General Electric 
Company. From a long association with 
engineers, Mr, Peare discussed some of the 
unseen things in products, such as manage- 
ment, engineering, quality, and ideas of prog- 
ress. | He drew attention to the loss of faith 
in the idea of progress itself and the sign that 
we are becoming predominently a society of 
older people. He attributed to the idea of 
progress and optimism with respect to the 
future the fact that we are several steps 
ahead of the people of any other nation in 
mass education, production, health, and 
standards of living. A warning was sounded 
against this loss of human spirit and optimism 
for the future which is going on all over the 
world on a vast scale under centralization 
and collectivism. 

The speaker charged the Institute and 
engineers with the responsibility of keeping 
open the roads of progress and productivity. 
He further cited as a need the responsibility 
of keeping the public and legislators informed 
of what makes the systems go and he pointed 
out as an added responsibility the necessity 
of helping Americans to really think about 
and understand business. As a solution to 
these problems, Mr. Peare cited Russell H. 
Conwell’s ‘‘Acres of Diamonds’’ and he sug- 
gested that the place to begin was right in 
our own backyards, in our homes, our plants, 
among our associates and employees, and 
with the teachers in the schools, because it is 
in the communities where the maximum 
leverage can be exerted for there personal 
honesty, open-mindedness, focussed vision, 
and love of truth have their main chance. 


DISTRICT PRIZES FOR PAPERS 


Prizes for the District 2 Branch Paper 
Competition, best paper and initial paper, 
were presented to the winners by C. G. 
Veinott, Vice-President of the Middle East- 
ern District. The awards and the names of 
the recipients are announced in detail on 1103 
of this issue. In making the presentations 
Mr. Veinott said that in the Institute one has 
the opportunity to grow and attain recogni- 
tion which is very well exemplified by the 
appropriation for technical papers. ‘The 
advances in the art are all recorded in the 
AIEE Transactions and the Institute has its 
own 5-foot shelf. The purpose of the prize 
awards is to simulate interest and individual 
effort. 


INTERSOCIETY RELATIONSHIPS 


On Wednesday noon, a trip was taken to 
the Herman Schneider Memorial Building 
which serves as a home of the Engineering 
Society of Cincinnati. This society has 
16,000 members affiliated with 22 local sec- 
tions or chapters of national engineering, 
scientific, and technical societies, and these 
sections and chapters, together with the 
Engineering Society, participate in a pro- 
gram of mutual co-ordination, service, and 
co-operation through the Technical and 
Scientific Societies Council of Cincinnati. 
One of the oldest of engineering societies’ 
councils, the group has long been known for 
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its outstanding work in the community and 
has served as a model for other groups in 
various sections of the United States. 

Preceding the luncheon, a tour was taken 
through the Headquarters Building and the 
Herman Schneider Memorial Library. The 
building was provided by Cincinnati indus- 
try in memory of the late Herman Schneider, 
Dean of the College of Engineering of the 
University of Cincinnati, and founder of the 
co-operative system of engineering education. 
It is the center for technical society activitie 
in the community. 

During the luncheon, words of welcome 
were extended and an outline of some of the 
activities given by E. C. Bolton, President of 
the Engineering Society of Cincinnati. 
Officers of the Foundation, the Council, and 
the Engineering Society were introduced as 
well as officers of the Institute interested in 
co-operative activities. 

Following the luncheon, a forum was held 
in the auditorium on Intersociety Relation- 
ships in Cincinnati with F. W. Willey, 
President, The Willey-Wray Electric Com- 
pany, presiding. ‘The following speakers on 
the program showed how the Foundation, 
Engineering Society, and Council comple- 
mented and supplemented each other in a 
comprehensive program of co-operation: 


1. ‘The Headquarters—Herman Schneider Founda- 
tion.” F. V. Geier, President, The Cincinnati Milling 
Machine Company, and Foundation President 1944-47. 


2, “The Engineering Society of Cincinnati.” Hans 
Ernst, Director of Research, The Cincinnati Milling 
Machine Company, and Engineering Society President 
1948-49. 


3. “The Technical and Scientific Societies Council.” 
John Andrews, Assistant Chief Draftsman, The Cincin- 
nati Gas and Electric Company, and Council Chairman 
1949-50. 


4, ‘Grass Roots Co-operation in Cincinnati—Fact and 
Opportunity.” A. C. Burroway, Plant Engineer, The 
Cincinnati and Suburban Bell Telephone Company, 
and Engineering Society President 1945-46, 


Following the presentations, the speakers 
answered questions that were raised from the 
floor and a general discussion with respect to 
integration of the engineering profession 
took place. 


TECHNICAL PROGRAM 


The technical program was very broad 
with a number of sessions in each of the four 
out of five main groups of Institute activities: 
communication, industry, science and elec- 
tronics, and power. Many of the papers in 
the rotating machinery session, the industrial 
control session, and in the three conferences 
on machine tools were of special interest to 
the machine tool industry and particularly 
appropriate for presentation in Cincinnati. 


Railroad Communication. A conference 
paper on “Train Communication in Railroad 
Operations,” by F. H. Menagh of the Erie 
Railroad described about as complete a 
mobile system as there is in the United States 
today. Trains cannot get more than 121/2 
miles from a land station so they are in con- 
stant communication with the signal tower 
or the master dispatcher. In mountainous 
sections of the railroad, stations are as close 
together as nine miles so that the trains are 
never more than four or five miles away. 
The system is being extended on through to 
New York and the work will be completed 
next spring. 

Another conference paper entitled ‘Wire 
Communication System of the Santa Fe 
Railroad,” by L. R. Thomas of the Atcheson, 
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Topeka and Santa Fe Railroad treated one of 
the most extensive private communication 
networks in the country. The system is 
comprised of many thousands of miles of 
carrier telephone and telegraph with com- 
munication offices in large centers such as 
Topeka, Chicago, and Dallas which rival 
the public communication offices found in 
many moderate size cities. The Santa Fe 
also operates automatic reperferator switch- 
ing techniques such as are used by the large 
communication companies to eliminate 
manual retransmission at interconnecting 
points, 


Coaxial Television and Telephone Systems. In 
a symposium which dealt with the technical 
design details of this subject, Bell System 
engineers described the precise techniques 
required to equalize the delay on coaxial 
systems to permit handling of television pro- 
gram material. Compensations must be 
made at the terminals such that the delay in 
propagation of pulses of a microsecond dura- 
tion is uniform within a few thousandths of a 
microsecond, Success in these techniques is 
evidenced by the excellent quality of tele- 
vision programs now being handled over 
coaxial cables up to a thousand miles in 
length. 


Radio. Ina session on radio, C. J. Hirsch 
of the Hazeltine Electronics Company told of 
interesting changes in radio navigation aids 
which are being made in the networks of air- 
ports throughout the country. A distance 
indicator has been added to the direction- 
indicating equipment. If the airplane is 
properly equipped, the pilot can be guided 
by the airport to any point within 150 miles 
radius. The pilot pushes a button which 
asks the question, ‘How far away am I?” 
and he gets back an indication in a matter of 
seconds, 


Undervoltage Protection. In a conference 
on undervoltage protection of motorized 
drives, five papers were presented which 
explored present practices in providing in- 
stantaneous versus time delay undervoltage 
protection. A lively discussion ensued which 
brought out the following points. 


Considerable capital has been expended 
by the power companies to improve the 
stiffness of the power systems and provide a 
high degree of continuity of service. Auto- 
matic reclosing devices have been installed 
thereby minimizing the duration and severity 
of power outages. Hence, the question 
arises whether it is necessary to shut down 
motorized drives by instantaneous under- 
voltage protection in case of voltage loss for a 
duration of a few seconds. Time delay under- 
voltage protection would permit motorized 
drives to restart immediately upon reappear- 
ance of voltage provided the disturbances 
did not last longer than approximately two 
seconds. The following considerations should 
govern the choice between instantaneous 
and time delay undervoltage protection: 


1. Ifloss of voltage should occur, a major portion of the 
motorized load should be taken off the line immediately 
to prevent a further system disturbance in case too many 
motors should attempt to start at the same time, 


2. Time delay undervoltage protection should be con- 
sidered primarily for motors forming part of a continu- 
ous process line provided that the loss in motor speed 
during the power outage causes no damage to the prod- 
uct, 


3. Time delay undervoltage protection and conse- 
quently automatic restoring of drives should be em- 
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The winners of the District 2 Prize Paper Contest were (left to right): Richard Sonnen- 
feldt, Branch Competition Prize; D. S. Stephens, Initial Paper Prize; W. R. Clark and 
R. E. Tarpley, coauthors with A. J. Williams, Jr. (not shown), winners of the Best Paper 


Prize 


ployed only if the system recovers to substantially full 
voltage after a disturbance; otherwise, welding of the 
power contacts might ensue. 


Mining and Metal Industry. ‘Two sessions 
in the field of the mining and metal industry 
culminated the work of a committee started 
several years ago resulting in a revival of 
interest in this important subject. In the 
session on Thursday morning, a conference 
paper entitled “‘Analysis of Power Costs of 
Bituminous Coal Mines’? which was pre- 
sented by H. P. Musser, President of the West 
Virginia Engineering Company, was of very 
great interest. Mr. Musser analyzed data 
over the past 26 years obtained from more 
than 400 representative mines which quite 
accurately showed the increase in kilowatt- 
hours per ton of coal mined, increased mecha- 
nization, and a decrease in the cost per 
kilowatt-hour. The paper indicated defi- 
nitely an increased use of power in mining 
coal and an increasing use of electrically 
controlled and electrically driven mecha- 
nized equipment. This will result in a greater 
demand for trained electrical engineers. 

In the afternoon session, an interesting 
application of telephone carrier to the trolley 
wires in a mine was presented by W. P. Place 
of the Farmers Engineering and Manufac- 
turing Company. This constitutes a new 
and important application of carrier which 
was reported to have improved the speeding 
up of operations and in some cases, serious 
accidents have been averted which would 
have retarded mining operations. 
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Shown at the Fall General Meeting are (left to right): D. T. Michael, Chairman, Registra- 

tion Committee; J. L. Callahan, Vice-President, AIEE; James F. Fairman, President, 
AIEE; and E. S. Fields, Chairman of the Fall General Meeting Committee 


Rotating Machinery. In a session on rotat-= 
ing machinery held on Monday morning, an 
important paper entitled ‘“Transient Charac- 
teristics of D-C. Motors and Generators,”’ by 
A. T. McClinton, E. L. Brancato, and 
Robert Panoff of the Naval Research Lab- 
oratory was presented. This paper empha- 
sized the importance of the subject to the 
Navy. Vessels such as large tenders, repair 
ships, tugs, and submarines have relatively 
large d-c power plants installed for electric 
propulsion purposes. Thus the Navy is vitally 
interested in the question of transient per- 
formance of d-c rotating machinery and the 
effect of the transients on system operation. 
Of special interest has been that phase of sys- 
tem study work which deals with fault current 
analysis and the application of protective de- 
vices to the power plant. In connection with 
the design of naval vessels having large d-c 
propulsion systems, the Navy initiated the de- 
velopment of a completely new design of 
rotating machinery. It was immediately 
apparent that if the Navy was to continue 
using d-c systems, and in some cases this 
could not be avoided, some means must be 
established for the accurate calculation of 
the transient perfomance of d-c machinery 
from the geometry of the machines concerned. 
The authors concluded that it is necessary 
that the theory of transient characteristics of 
d-c machines be extended to provide the 
accuracy necessary for attaining the optimum 
shipboard system design. At the conclusion 
of this session, the D-C Machinery Subcom- 
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mittee met and adopted a program for the 
development of the theory. 

In the same session, the AIEE Subcom- 
mittee on D-C Machinery presented a second 
report on its study of temperature rise of d-c 
machines. It was recommended that Table 
[ of ASA Standard C50 be superseded by an 
expanded table to include given values for 
short time rated machines and for the resist- 
ance method for all windings. Following 
discussion, the subcommittee modified its 
proposed new table which is to be forwarded 
to the Standards Committee with the deletion 
of the values of the resistance method apply- 
ing to general-purpose motors and genera- 
tors. 

In an afternoon session, a Progress Report 
on AIEE Test Code for Electric Brushes was 
presented by a Joint Subcommittee on Elec- 
tric Brushes. The final stages of completion 
of this test code are to be done in joint co- 
operation with the National Electrical 
Manufacturers Association. In this session, 
an important paper also was presented on 
“Motor Tests Evaluate Thermal Endurance 
of Class-H Insulation (Silicone Resin),’? by 
George Grant III, T. A. Kauppi of the Dow 
Corning Corporation, G. L. Moses, and G. P. 
Gibson of the Westinghouse Electric Corpora- 
tion. The paper covered a report on the 
thermal endurance of insulation with silicone 
resins. ‘The thermal endurance of this type 
of insulation was first evaluated by laboratory 
tests and subsequently by tests on a few iso- 
lated machines. It was found that failure of 
the windings of silicone-insulated motors had 
been found to occur before the bonding of 
the resin is seriously weakened and was due 
to copper conductor failure. The second 
important conclusion was that class-H insula- 
tion with silicone resin enjoys a 100 degree 
centigrade advantage compared with class-B 
insulation. Furthermore, at least seven 
years of continuous operation at 220 degrees 
centigrade is required to reach failure of 
class-H insulated equipment. The thermal 
life of class-H silicone-insulated motors was 
reported to closely follow a 12-degree-centi- 
grade rule. 

Among the papers which were presented 
in the Tuesday afternoon rotating machinery 
session, ““The Torques of the Synchronous 
Tie—A Steady-State Analysis,” by L. A. 
Finzi and H. M. McConnell of the Carnegie 
{nstitute of Technology presented a solution 
to the very complex problems of this subject 
which will be exceedingly valuable. 

In still another rotating machinery session 
on Wednesday morning, a valuable paper was 
presented entitled ‘‘Design of Auxiliary Cir- 
cuits of Single-Phase Induction Motors,” by 
M. S. Thacker and H. V. Gopalakrishna of 
the Indian Institute of Science. ‘This is one 
of a series of three papers on the design con- 
siderations of single-phase induction motors. 
When all three papers have been presented 
and published, the work should constitute a 
valuable contribution to the literature on 
single-phase induction motor design. In 
this session, Professor R. M. Saunders of the 
University of California presented a very 
interesting paper in the important field of 
dynamoelectric amplifiers in which he 
analyzed the subject from the point of view of 
steady-state conditions. Most previous work 
presented has been on the basis of transient 
conditions. 


Rotating Machinery Administrative Subcom- 
mittee Meeting. An important meeting of the 
Administrative Committee of the Rotating 
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Machinery Committee was held Tuesday 
noon. At this meeting, plans for activities 
during the coming year were formulated. 
Major emphasis will be centered on frac- 
tional-horsepower machines since during the 
recent past the principal emphasis has been 
successively on synchronous machinery, in- 
duction machinery, and d-c machinery. The 
possibility of a technical conference on frac- 
tional-horsepower machines and their ap- 
plications is under consideration. 

The “Bibliography of Rotating Machin- 
ery,” with approximately 1,500 references 
prepared by Robert Farrell of Fenn College, 
Cleveland, will be available shortly. 


Speed Governing. An interesting session 
with three valuable papers on the subject of 
speed governing of large turbine generators 
was held on Monday afternoon. The Joint 
AIEE-American Society of Mechanical 
Engineers Committee on Speed Governing 
Specifications has virtually finished its 
assignment. ‘There is urgent need for a test 
code to test governing systems. Pending the 
availability of such a test code, operators are 
studying instrumentation and techniques for 
determining the characteristics of speed 
governing systems. ‘The field explored, as 
described in this session, will be of consider- 
able value in the preparation of a test code. 


Cable Accessories. For the first time, a 
series of papers were presented dealing with 
the design techniques and manufacture of 
cable accessories. This innovation will lay 
the foundation for valuable data in the future. 
Considerable discussion ensued which cen- 
tered about the longitudinal stress and creep- 
age in the design of cable joints. 


ENTERTAINMENT 


Tuesday evening, a stag smoker was held 
in the Pavilion Caprice which afforded an 
opportunity for visiting with friends and 
renewing old friendships. ‘The dinner was 
followed by a lively series of entertainment 
of a musical variety, which included also a 
ventriloquist and an acrobatic act. 

On Wednesday evening, the dinner—dance 
was held, also in the Pavilion Caprice. Be- 
tween dances, entertainment was provided 
and appropriate souvenirs were given to the 
ladies. 

The ladies’ program, Mrs. Joseph A. 
Noertker, Chairman, and Mrs. J. P. Quitter, 
Vice-Chairman, provided an excellent series 
of events which were thoroughly enjoyed by 
the ladies. On Tuesday, there was a tour of 
Procter and Gamble Company, a visit to 
the Taft Art Museum, followed by a Dutch- 
treat dinner, with bridge in the evening. On 
Wednesday, there was a scenic tour, followed 
by luncheon at the Hyde Park Country Club, 
and a talk on fashion trends. Onreturn from 
the country club, there was a stop at the 
conservatory in Eden Park. The evening 
was taken up with the dinner-dance. On 
Thursday, there was a luncheon at the Engi- 
neering Society Headquarters. Piano selec- 
tions were rendered by Mrs. Harry C. King 
and a book review by Mrs. Walter E. M. 
Fieldman. A Hostess Parlor was maintained 
at headquarters under the chairmanship of 
Mrs. Frank W. Willey and the cochairman- 
ship of Mrs. A. C. Burroway. 


INSPECTION TRIPS 


During the meeting, an excellent series of 
inspection trips to nearby industries was 
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arranged. ‘The artistic skill and craftsman- 
ship found on the visit to the Baldwin Com- 
pany as well as the electronic organ and the 
acoustic studio and Piano Research Labora- 
tory proved of considerable interest. The 
Procter and Gamble Company and the 
Fisher Body Plant of the General Motors 
Corporation also were visited. In the latter 
plant, the large presses and stamping ma- 
chines and the assembly lines were of unusual 
interest. Other places visited included the 
Miami Fort Generating Station of the Cin- 
cinnati Gas and Electric Company where 
new construction was seen, the Engineer- 
ing Society of Cincinnati, the Oakley Colony 
where milling machines and tools are manu- 
factured, and the Crosley Broadcasting Cor- 
poration. 


FALL GENERAL MEETING COMMITTEE 


The members of the Fall General Meeting 
Committee which made the arrangements 
were as follows: 


E. S. Fields, Chairman; R. J. Rockwell, Vice-Chairman; 
J. P. Quitter, Secretary; W.H. McNutt, Treasurer; J. C. 
Strasbourger; E. R. Ramaley; R. E. Stroppel; L. J. 
Fritz; F. E. Wiatt; R. D. Spalding 


The chairmen of the several working com- 
mittees were as follows: 


Entertainment, S. B. Storer; Finance, F. W. Willey; Hotel 
and Equipment, H. E. Barnett; Inspection Trips, W. T. 
Pavely; Publicity, R. E. Colado; Registration, D. T. 
Michael; Transportation, J. A. Noertker; Ladies’ Program, 
Mrs. J. A. Noertker 


District 2 Prize Paper 
Awards Made at Fall Meeting 


Award of prizes in the District 2 (Middle 
Eastern) Prize Paper Competition, covering 
the period from January 1, 1948, through 
July 31, 1949, was made at the Fall General 
Meeting in Cincinnati, Ohio, on October 18, 
1949. Of the 41 papers submitted by the 
Sections, the following papers were selected 
for honors: 


Best Paper Prize: ‘““D-C Amplifiers Stabilized for Zero 
and Gain,” A. J. Williams, Jr., R. E. Tarpley, W. R. 
Clark (Philadelphia Section) 


Best Initial Paper Prize: “Lightweight Aircraft Trans- 
formers,” Donald S. Stephens (Sharon Section) 


Presentation of the certificates and the 
$25 prizes was made by C. G. Veinott, 
Vice-President of District 2, and a similar 
award was made at the same time to Richard 
W. Sonnenfeldt of Johns Hopkins Uni- 
versity, the winner of the District Branch 
Prize Paper Competition for 1949 held at 
the Carnegie Institute of Technology on 
April 29 and 30. Mr. Veinott traced the 
opportunity for recognition and reward 
which the Institute offers to all members, 
from the student just beginning his career, 
through the young engineer becoming estab- 
lished, to the mature engineer pushing the 
frontier of electrical engineering ever further 
into the unknown. 

The District Prize Paper Competition in- 
cluded all papers presented within or under 
the auspices of District 2 provided the 
author or at least one of the coauthors was a 
member of the Institute located within 
District 2. The judges who undertook the 
task of considering the papers and choosing 
the final winners were 


R. C. McMaster (Chairman), Columbus Section; A. af 
B. Fairburn, Cleveland Section; J. B. Hodtum, Pitts- 
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burgh Section; H. J. Talley, Philadelphia Section; 
R. C, Wey, Canton Section 

It is of interest to note that the $25 cash 
awards for Best Initial Paper and Best 
Paper were made possible by contributions 
from al! Sections and District officers. ‘These 
contributions were solicited when the Dis- 


Executive Committee Meets 
for AIEE Southern District 


With an attendance of 21 members, as 
well as several visitors, the Executive Com- 
mittee of the AIEE Southern District (4) 
met in the Electric Power Board Building in 
Chattanooga, Tenn., on Friday, October 7, 
1949. 

The meeting began with an abstract of 
the previous meeting in November 1948, 
followed by a report by J. D. Harper, Vice- 
Chairman of the Membership Committee. 
He emphasized the need for activity in the 
individual Sections, activity which should 
stress the importance of securing applications 
from Student members whose terms are 
about to expire, as well as obtaining new 
members from the profession who have the 
necessary qualifications. Also, the use of 
the Membership Booklet was stressed. The 
possibility of using badges at the meetings, 
showing the member’s name and affiliation, 
was discussed, and the formation of a Trans- 
fer Committee in each Section was advised 
in order to raise the membership grades to 
as high a level as possible. 

Professor Pumphrey, the Sections Com- 


trict 2 Executive Committee, at a meeting 
in Washington on October 4, 1948, observed 
that the Institute had made no money avail- 
able for Section prizes and, realizing that 
competition would be spurred on by cash 
awards, it was decided to invite contributions 
from the Sections toward a prize fund. 


mittee Representative, reported on the 
activity of the Sections Committee. General 
discussion of his remarks included the idea 
of local members, and the change in the 
ruling for paper prizes. Discussion also in- 
cluded the support of Student Branch meet- 
ings financially. 

The Chairman of the Committee on 
Student Branches, Professor H. B. Duling, 
discussed the need for incentive in obtaining 
student papers. It was suggested that the 
competition in the Student Branches be 
held in the month of January with the 
winning papers for the final competition to 
be filed in March. 

In the matter of a member for the Nomi- 
nating Committee, J. E. Housley, Past 
President of the Institute, was elected to 
serve on the committee for the Southern 
District. 

After luncheon, Vice-Chairman Seeley 
discussed the reaction to the type of organi- 
zation that the AIEE should be as it was 
voiced at the Summer General Meeting at 
Swampscott. Considerable discussion was 
evoked from the members and it appears 
that more comment on this highly contro- 
versial subject from the Sections will be forth- 
coming. 


Attending the AIEE Southern District Executive Committee Meeting in Chattanooga 
October 7, 1949, are, reading from left to right, bottom row: Ira H. McMann, Chairman 
Western Virginia Section; E. §. Lammers, Jr., Chairman, Georgia Section; P. R. 
Spracher, Secretary, Virginia Section; C. H. Summers, Chairman, Miami Section; Pro- 
fessor Walter J. Seeley, Vice-President, Southern District; T. H. Mawson, Secretary, 
Southern District; T. DeWitt Talmage, Host and Chairman, East Tennessee Section; 
J. D. Harper, District 4 Vice-Chairman, Membership Committee; R. D. Spalding, Chair- 


man, Louisville Section; L. Saunders, Chairman, Virginia Section. 


Top row: John D. 


Sharp, Jr., Host and Secretary, East Tennessee Section; H. E. Pritchard, Jr., Secretary, 
New Orleans Section; H. T. Smith, Secretary, Louisville Section; E. P. Miller, Chairman, 
South Carolina Section; W. M. Stanley, Host and Chairman of Meetings and Papers 
Committee, East Tennessee Section; H. P. Peters, Secretary, Georgia Section; C. M. 
L. Pons, Secretary, Shreveport Section; W. T. Edwards, Jr., Chairman, Miami Section; 
R. M. Alspaugh, Host and Vice-Chairman, East Tennessee Section; Professor H. B. 
Duling, Chairman, District 4 Committee on Student Activities; G. G. Mattison, Chair- 
man, North Carolina Section; R. A. Merrill, Host and Associate Professor of Engineering, 
University of Chattanooga, East Tennessee Section; B. V. Martin, Secretary, North 
Carolina Section; E. I. Blanchard, Chairman, New Orleans Section; and F. H. Pumphrey, 
Sections Committee 
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Wichita Section Chairman 


Above is Robert F. Dice, Chairman of the 
AIEE Wichita Section for 1949-50. Mr. 
Dice’s photograph arrived too late for 
inclusion in the picture display feature, 
“Introducing AIEE Section Chairmen for 
1949-50” which appeared in the Novem- 
ber issue (EE, Nov °49, pp 1002-50) 


Portland Section Sponsors 
Power System Relaying Course 


A course in Modern Power System Relay- 
ing, given by the Portland Extension Center 
of the Oregon State System of Higher Educa- 
tion and sponsored by the AIEE Portland 
Section, has met with such enthusiastic 
response that classes are being held in the 
auditorium of a local high school. Present 
enrollment is 108 and includes engineers 
from public and private utilities, Bonneville 
Power Administration, and the United 
States Engineers. 

The class is under the supervision of 
Professor E. C. Starr, Department of Elec- 
trical Engineering at Oregon State College, 
with instruction by Myron A. Bostwick, 
Relay Engineer, Portland General Electric 
Company, and Clifford Diemond, Relay 
Engineer for Bonneville Power Administra- 
tion, Classes are conducted as_ lectures 
with emphasis being placed on practical 
application rather than pure theory. 


Michigan Section Holds 
Silver Anniversary Meeting 


On October 18, 1949, more than 200 mem- 
bers and guests attended the AIEE Michigan 
Section’s Silver Anniversary Meeting in the 
Ballroom of the Hotel Hayes in Jackson, 
Mich. This meeting marked the 25th 
anniversary of a series of meetings which have 
been held annually in Jackson, without inter- 
ruption, since 1924, and a special program 
was arranged to honor the occasion. 

The meeting was opened by E. F. Dis- 
smeyer, Chairman of the Michigan Section, 
who introduced the Honorary Chairman for 
the evening, J. C. Langdell (A ’07, F ’47) of 
Commonwealth Services, Inc. Nine of the 
11 charter members were present and sat at 
the speakers’ table. They were: Frank 
G. Boyce (A’12, F’45) Consumers Power 
Company; James H. Foote (A’18, F’32) 
Commonwealth Services, Inc.; John G. 
Hemstreet (A’21) Consumers Power Com- 
pany; Earl E. Norman (A’20) Light and 
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Seated at the speakers’ table during the AIEE Michigan Section’s Silver Anniversary 

Meeting in Jackson are shown, left to right: Joseph C. Langdell, Frank G. Boyce, John 

Hemstreet, and Harold Plumb. Standing, left to right, are: E. F. Dissmeyer, Chairman 

of the Michigan Section; Melvin J. Evans, principal speaker of the evening; Roy L. 
Rinker, E. V. Sayles, John R. North, and James H. Foote 


Water Utilities, Kalamazoo, Mich.; John 
R. North (A’21, F’41), Commonwealth 
Services, Inc.; Harold J. Plumb (A 23, 
M ’34) Consumers Power Company; Roy 
L. Rinker (A’19) Consumers Power Com- 
pany; Edgar V. Sayles (A’23, F 38) Con- 
sumers Power Company; and Mr. Langdell. 
Those unable to attend were: William M. 
Gokay (A715), A, E. Kriegsmann (A’14, 
M ’26), both with Consumers Power Com- 
pany. Also, D. R. Stratton (A’20, M 42) 
Commonwealth Services, Inc., who should 
have been included but was not invited to sit 
at the speakers’ table because the AIEE Year 
Book did not show the date that he joined 
the Institute. Other members for more than 
25 years were introduced from the floor. 

Following the introductions, a welcoming 
address was given by F. G. Boyce. J. H. 
Foote then introduced the principal speaker 
of the evening, Melvin J. Evans of the Mel- 
vin J. Evans Company of Chicago, who spoke 
on “Human Engineering Makes Better Jobs.” 

The AIEE Michigan Section had its begin- 
ning as the “The Detroit-Ann Arbor Sec- 
tion” when authorized on January 13, 1911. 
That name was changed to ‘‘The Michigan 
Section” on June 23, 1938. The city of 
Jackson, site of the Silver Anniversary Meet- 
ing, has consistently been noted for the 
highest total AIEE membership per unit of 
population in Michigan. 


Members and 
guests of the AIEE 
Milwaukee Section 
enjoying a smorgas- 
bord dinner at the 
Section’s opening 
meeting of the 
1949-50 season on 
October 5 
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Milwaukee Section Holds 
Successful Opening Meeting 


The AIEE Milwaukee Section’s program 
for 1949-50 got off to an auspicious start on 
October 5, 1949, with an unprecedented 
Ladies Night opening meeting at the Allen- 
Bradley Company. 

After a smorgasbord dinner, the 700 mem- 
bers and guests of the Milwaukee Section who 
attended gathered in Lynde Hall where 
F. Van Zeeland, Chairman of the Section, 
gave the opening welcoming address. He 
then turned the meeting over to E. A. Dickin- 
son, Program Chairman, who acted as 
Master of Ceremonies for the evening. The 
main entertainment was provided by the 
Milwaukee Norman Players, an amateur 
theatrical group which presented a play 
entitled, ‘Moon Over Mulberry Street,”’ and 
the evening closed with refreshments and a 
social get-together. 

Art Graettinger, AIEE Program Commit- 
tee member from the Allen-Bradley Com- 
pany, was in charge of arrangements for the 
meeting. Photographs were taken by J. M. 
Hopwood, Publicity Committee, and an 
Allen-Bradley photographer. 

Through co-ordinated action on the part 
of the Program, Membership, and Publicity 
Committees, an unusually successful season is 
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anticipated. 
mittees are 


The men heading these com- 


Publicity Committee: 
Corey, Vice-Chairman 


L. V.. Saari, Chairman; C. C., 


Membership Committee: R. C. Ball, Chairman; V. H, 
Simson, Vice-Chairman 


Program Committee: E. A. Dickinson, Chairman; 
B, G. Wheeler, Vice-Chairman 


COMMITTEE NOTES e 


Editor’s Note: This department has been 
created for the convenience of the various AIEE 
technical committees. It will include brief 
news reports of committee activities and proposed 
plans for such projects as special technical con- 
Serences and sessions at general meetings. Items 
for this department, which should be as short as 
possible, should be forwarded to R. S. Gardner 
at AIEE Headquarters, 33 West 39th Street, 
New York 18, N. Y. 


Power Conference Scheduled 
for Pittsburgh, April 1950 


A Special Technical Conference, which is 
being sponsored by the AIEE Committees on 
Power Generation, System Engineering, and 
Industrial Power Systems, and is to be de- 
voted to power generation and industrial 
power systems, will be held at the William 
Penn Hotel, Pittsburgh, Pa., April 19 and 20, 
1950. A very diversified program is being 
planned to attract as large an attendance as 
possible and ensure active discussion. 

The Committee on Power Generation will 
contribute the program for the first day, 
April 19, which will include a morning and 
afternoon session. The morning session 
will cover the planning problem, including 
such subjects as: “Elements of System- 
Capacity Determination’; ‘“‘Economic Eval- 
uation of Steam Station Prime-Mover Ar- 
rangement”; ‘Elimination of Distribution 
Galleries in Metropolitan Generating Sta- 
tions”; and “Designing Fire Fighting Lay- 
outs.” The afternoon session will deal with 
the operating problem and will cover: 
‘‘Maintenance and Overhaul Scheduling” ; 
‘Steam Station Efficiency Control’; “‘Effici- 
ent Use of Operating Personnel’; and 
“Improved Storing, Accounting, and Stock- 
ing of Spare Parts.”’ 

This will be the first Special Technical 
Conference to be sponsored by committees 
within the Power Group. The complete 
program, including the industrial power 
systems and system engineering part of the 
conference on April 20, will appear in a 
later issue of Electrical Engineering. 


Communication Group 


Committee on Communication Switching 
Systems. (R.C. Davis, Chairman; J. Meszar, 
Vice-Chairman; A. E. Frost, Secretary.) The 
first meeting of this recently formed com- 
mittee was held on September 15, 1949, in 
the business office of the chairman, at Bell 
Laboratories. Six of the 12 members 
attended. It was an informal session de- 
voted to getting acquainted, and to starting 
the preparation of plans for the Winter, 
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Summer, and Fall General Meetings of next 
year. 

The committee decided to sponsor three 
interesting technical papers for the Winter 
General Meeting. These are 


1. “The Number 5 Crossbar Dial Switching System,” 
by F. A. Korn and J. G. Ferguson of Bell Laboratories. 


2. “The Automatic Telephone Message Accounting 
System,” by J. Meszar of Bell Laboratories. 


3. “Basic Theory Underlying Bell System Facilities 
Capacity Tables,” by A. L. Gracey of the American 
Telephone and Telegraph Company. 


There was also a discussion of tentative 
papers to be sponsored by the committee for 
the Summer General Meeting in Pasadena. 
When the subjects of these papers crystallize, 
they will be announced in a subsequent issue 
of Electrical Engineering. 


General Applications Group 


Aircraft Electric Systems Subcommittee of 
Committee on Air Transportation. (G. A. 
Phillips, Chairman.) During the past year, 
under the chairmanship of W. F. Moore, 
various sections of the Aircraft Systems 
Guide were assigned to members of this sub- 
committee and work is under way on the 
following sections: Appendix I, entitled 
“Methods of Evaluating Electric Loads’’; 
Appendix 2, covering ‘‘Methods of Comput- 
ing Momentary Voltage Dips and Over- 
voltages’ (this is a very controversial sec- 
tion of the guide and testing will be ac- 
complished by the Naval Research Labora- 
tory on the theoretical analysis—the Re- 
search Laboratory has secured special oscil- 
lographic instrumentation, which will be 
suitable for measuring the phenomenal with- 
out undue distortion) ; Appendix 3, ‘‘Meth- 
ods of Computing Short-Circuit Currents’’ ; 
Sections covering lighting, electronic equip- 
ment, heaters, and actuators; and “‘Control.”’ 
Discussion took place with the Aircraft Elec- 
trical Control Protective Devices Subcom- 
mittee in connection with installation proce- 
dures (such as installation of cabling, ter- 
minals, standardization of wiring diagrams, 
cooling, bonding) being expanded beyond 
that of existing specifications. Such informa- 
tion may be incorporated in the Systems 
Guide or issued as a separate report on instal- 
lations. A group of Sections on Protective 
Principles and General Systems Design 
needed assistance and volunteers for editing 
and collecting information were solicited. 


Committee on Domestic and Commercial 
Applications. (Carl F. Scott, Chairman; 
O. K. Coleman, Vice-Chairman; V.G. Vaughan, 
Sr., Secretary.) The subject of electric heat- 
ing of homes, including heat pumps, con- 
tinues to attract wide-spread interest. 
Manufacturers, architects, contractors, home 
owners, and public utilities are giving the sub- 
ject a good deal of study. Already in the 
Tennessee Valley more than 18,000 homes 
have been heated electrically. Following 
the conference on this subject at the August 
23 meeting in San Francisco, it is planned to 
have a session in the East in January. 

The committee plans to appoint two sub- 
committees on this one phase of its activities, 
one for the Pacific Coast and one for the 
East. It also plans a subcommittee on 
domestic appliances. 
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Science and Electronics Group 


Magnetics Subcommittee of Committee on 
Basic Sciences. (7. D. Yensen, Chairman; 
H. G. Zambell, Secretary.) This subcommit- 
tee has been actively engaged in planning the 
programs for the coming year. It has 
succeeded in lining up a most interesting 
symposium for the coming Winter General 
Meeting. This symposium will be divided 
into four sections: ‘‘Magnetostriction,” 
which will include its measurement, single 
crystals of iron-silicon, and permanent mag- 
nets and other materials; ‘‘Commercial 
Magnetic Materials,” including recent de- 
velopments in commercially available mag- 
netic materials, and the properties of elec- 
trical sheets for rotating machinery; “‘Mag- 
netic Anisotropy,” including growing ori- 
ented crystals and their magnetic properties, 
materials for magnetic amplifiers, and mag- 
netic anisotropy in single crystals of Fe-Co 
alloys; and ‘‘Miscellaneous,’’ covering the 
recording fluxmeter, and magnetic powders. 


Electronic Converter Application Sub- 
committee of Committee on Electronic 
Power Converters. (W. N. Farquhar, Chair- 
man; J. B. Donnelly, Secretary.) The 1948- 
49 Application Subcommittee prepared a 
questionnaire which was sent to all mercury- 
arc rectifier users in America. The ques- 
tionnaires covered pertinent data regarding 
the rectifier installations. The present sub- 
committee is now in the process of tabulating 
the information received in the returned 
questionnaires. A preliminary report on 
the survey was presented at the Fall General 
Meeting at Cincinnati, Ohio, in October. 
A complete report will be prepared for 
presentation at a future meeting during 1950. 


Subcommittee on Electronic Power Con- 
verter Circuits. (7. KX. Dortort, Chairman.) 
A report on Protection of Electronic Power 
Converters in two parts has been published 
in advance-copy form. Part I was pre- 
sented at the Winter General Meeting in New 
York, and Part II was presented at the Fall 
General Meeting in Cincinnati, October 21. 

Parts I and II are now being integrated 
for publication in the Transactions. It is 
hoped this work can be accomplished in time 
to present the completed report, by title, at 


the coming AIEE Winter General Meeting. 

The subcommittee will sponsor papers and 
may prepare reports on the problem of volt- 
age surges, equivalent machine constants, a 
survey of industry’s experience with and 
handling of fault currents. Other projects 
under consideration include dynamic and 
regenerative braking of loads supplied by 
rectifiers, balancer sets, power-factor correc- 
tion and metering, and terminology for elec- 
tronic motor drives (in conjunction with 
other committees). 


Industry Group 


Committee on Chemical, Electrochemical, 
and Electrothermal Applications. (F. R. 
Benedict, Chairman; LeRoy W. Roush, Vice- 
Chairman.) This technical committee is 
planning expanded activities in 1950. All 
of the subcommittees are actively engaged 
in important engineering work in their 
respective fields. 

The problem of charging and maintenance 
of storage batteries is gaining in importance 
and the Storage Battery Subcommittee, with 
H. C. Riggs, Chairman, is comprehensively 
studying this problem to eliminate incon- 
sistencies in storage battery practices. The 
committee is formulating a report on Recom- 
mended Practices, which should be available 
in 1950. 

Applications of equipment in the chemical 
industries present many specialized problems, 
which are being actively studied by L. W. 
Roush’s Chemical Industries Subcommittee. 
Switchgear, control devices, and power 
cables and wiring are of particular im- 
portance and recommended practices are 
being formulated. The subcommittee is 
planning two sessions on ‘‘Power Cables for 
Chemical Applications” for the Winter 
General Meeting in 1950. One session will 
relate to cable manufacture and the other 
to cable operation. 

The Subcommittee on Electrolytic Proc- 
esses, with W. E. Gutzwiller, Chairman, is 
continuing its work on matters relative to 
theory, technique, plant efficiency, applica- 
tion of power conversion equipment, and 
operating hazards. The subcommittee is 
now engaged in preparation of a report on 
the influence of electrolytic cell line charac- 
teristics on the selection of power and con- 
version equipment. 


ALEEsP.ERS @ i NAtlslalaie Si vevenc 


F. B. Jewett (A ’03, F °12, HM ’45, Member 
for Life), former President of the National 
Academy of Sciences and a Past-President of 
AITEE, has been awarded the Hoover Medal 
for 1949, one of the highest awards in the 
engineering profession, (Dr. Jewett was 
Vice-President in Charge of Development 
and Research at the American Telephone 
and Telegraph Company for nearly 20 years 
(1925-44), and President of the Bell Tele- 
phone Laboratories, New York, N. Y., from 
1925 to 1940.) The medal is awarded by the 
American Society of Civil Engineers, the 
American Society of Mechanical Engineers, 
the American Institute of Mining and 
Metallurgical Engineers, and the AIEE, and 
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will be presented to Dr. Jewett at the Winter 
General Meeting of the last-named society, 
January 30—-February 3, 1950, in New York, 
N. Y. First awarded to Herbert Hoover in 
1930 and named for the former President, 
the medal is given “‘by engineers to a fellow 
engineer for distinguished public service.’’ 
In addition to receiving the Hoover Award, 
Dr. Jewett recently was named winner of the 
1950 Medal of the Industrial Research Insti- 
tute, Inc., “for outstanding accomplishments 
in leadership in management and industrial 
research which contributes broadly to the 
development of industry or the public serv- 
ice.’ A native of Pasadena, Calif., born 
September 5, 1879, Dr. Jewett was graduated 
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F. B. Jewett 


from Throop Polytechnical Institute, now the 
California Institute of Technology, in 1898. 
He did advance study in electrical engineer- 
ing under A. A. Michelson at the University 
of Chicago and then taught electrical engi- 
neering and physics at the Massachusetts 
Institute of Technology, Cambridge. He 
joined the American Telephone and Tele- 
graph Company in 1904 and in 1912 was 
named Assistant Chief Engineer in the 
Western Electric Company. Four years 
later, he was named Chief Engineer. In 
1925, he was elected a Vice-President of the 
American Telephone and Telegraph com- 
pany, a member of the Board of Directors of 
the Long Lines Department of that com- 
pany, and President of the Bell Laboratories. 
Dr. Jewett has received a large number of 
honorary degrees and awards. Some of the 
latter include the Edison Medal (1928), the 
Faraday Medal (1935), the Washington 
Award (1938), and the Medal for Merit 
(1946). He holds membership in the Ameri- 
can Association for the Advancement of 
Science, the Institute of Radio Engineers, 
the American Physical Society, the Society 
for the Promotion of Engineering Education, 
and the Institution of Electrical Engineers 
(British). Some of the AIEE committees on 
which he has served are: Edison Medal; 
Executive Medal; Protective Devices; Re- 
search; Standards; Engineering Foundation 
Board; Education; Hoover Medal Board of 
Award; Lamme Medal; and Co-operation 
With War Agencies. 


C. M. Slack (M ’*43) has been named Tech- 
nical Director of the Westinghouse Electric 
Corporation’s Atomic Power Division in 
Pittsburgh, Pa. He will have responsibility 
for the general direction and co-ordination 
of all research and engineering work of the 
division. The first major project of the 
division is the building of an atomic power 
plant for Naval ship propulsion in co-operat- 
tion with the Argonne National Laboratory 
of Chicago under contract awarded by the 
Atomic Energy Commission. Born in Mari- 
etta, Ohio, December 4, 1901, Dr. Slack was 
graduated from the University of Georgia in 
1922 with a bachelor of science degree. He 
received his master of arts degree from 
Columbia University in 1923 and his doctor 
of philosophy from Columbia in 1926. He 
spent the next year, until accepting a Westing- 
house position, as a physics instructor at 
Columbia University, New York, N. Y. Dr. 
Slack’s entire career with Westinghouse has 
been in the Lamp Division Laboratory at 
Bloomfield, N. J. He joiried Westinghouse 
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as a physicist in 1927, became Assistant 
Director of Research for the division in 1943, 
and was named Research Director in 1946. 
In 1945, Dr. Slack was awarded the Westing- 
house Order of Merit, highest company 
honor, for his work in developing high-speed 
X-ray and other electronic tubes and appara- 
tus. During the war, his millionth-of-a- 
second X-ray tube proved valuable to 
government arsenals and proving grounds 
where scientific ballistic studies were under- 
way. Dr. Slack is a member of the Ameri- 
can Association for the Advancement of 
Science and the American Physical Society. 
At present, he is serving on the Therapeutics 
Committee. 


H. A. Frederick (A ’12, F ’28, Member for 
Life), Director of Switching Apparatus De- 
velopment, Bell Telephone Laboratories, 
New York, N. Y., has retired. Replacing 
Mr. Frederick is A. C. Keller (A’47), who 
was Switching Apparatus Engineer on the 
former’s staff. The retiring engineer joined 
the Laboratories in 1912, after receiving his 
electrical engineering degree from Princeton 
University. His first job was in the Re- 
search Department. He was transferred to 
Transmission Development Department in 
1914, where he designed one of the earliest of 
operator receivers using silicon-steel pole 
pieces. Six years later, he became head of 
the telephone instruments development 
group in the Research Department. In 
1935, Mr. Frederick was designated Director 
of Electromechanical Apparatus Develop- 
ment. Since the war, as Director of Appara- 
tus Development, he has been responsible 
for designs of new types of relays, the trouble 
recorder for crossbar offices, card translator 
for the nation-wide dialing program, appara- 
tus for automatic message accounting, and 
cost reduction studies. Mr. Frederick is a 
member of the Acoustical Society, the 
American Physical Society, and the Ameri- 
can Association for the Advancement of 
Science. Mr. Keller, who succeeds Mr. 
Frederick, joined the Laboratories in 1917. 
Possessor of degrees from Cooper Union and 
Yale, he took an active part, in World War 
II, in the development of submarine detec- 
tion and signaling devices. Mr. Keller is a 
member of the Acoustical Society, the Insti- 
tute of Radio Engineers, the Society of Motion 
Picture Engineers, and the Physical Society. 


Harvey Fletcher (M’23, F’30), who re- 
tired in October as Director of Physical Re- 
search at the Bell Telephone Laboratories, 
New York, N. Y., was awarded the 1949 
Progress Medal of the Society of Motion 
Picture Engineers at the Society’s 66th semi- 
annual banquet. In the presentation of the 
medal, Dr. Fletcher was cited for his out- 
standing achievements in motion picture 
technology leading to the advance of the 
motion picture art and industry. Also, in 
the citation, his research was credited with 
having led to the development of sound 
motion pictures. In 30 years of teaching, 
research, and development work, Dr. 
Fletcher has contributed toward an under- 
standing of the fundamental nature of speech 
and hearing. The results of his research 
have been applied to telephone devices, 
electric recording, high-fidelity loud-speakers, 
as well as to sound motion pictures. Dr. 
Fletcher was born in 1884 in Provo, Utah. 


Institute Activities 


He received a bachelor of science degree 
from the Brigham Young University in 1907 
and a doctor of philosophy degree from the 
University of Chicago in 1911. He returned 
to the Brigham Young University as profes- 
sor of physics in 1911, leaving it in 1916 to 
join the Research Department of the Bell 
Telephone Laboratories. He was appointed 
Director of Physical Research in 1933. 


R. H. Earle (A’27, M’29) has been pro- 
moted to Chief Engineer for Product Engi- 
neering at the South Milwaukee (Wis.) 
branch of the Line Material Company. In 
other company changes, Anthony Van Ryan 
(A ’44) has been named to head New Prod- 
uct Development; formerly he was with the 
Kyle Corporation in South Milwaukee. 
M. F. Beisber (A’37, M’45), previously 
Manager of Line Material’s Transformer 
Sales Department at Zanesville, Ohio, has 
been designated Manager of Marketing. 
E. W. Williams (A ’45), formerly with the 
Kyle Corporation, directs the company’s 
new Sales Promotion Department. Named 
to fill Mr. Beisber’s former position is A. B. 
Coyle (A ’46), who, in the past, was Wired 
Radio Sales Manager at Line Material’s 
East Stroudsburg (Pa.) office. 


F. J. Meyer (A’13, F ’36), Vice-President in 
Charge of Operations, the Oklahoma Gas 
and Electric Company, Oklahoma City, has 
retired after 47 years of service. Starting asa 
lineman’s helper, Mr. Meyer served as Chief 
Electrician, Superintendent of the Gas 
Department, Electrical Engineer, General 
Superintendent, and Assistant General Man- 
ager, and in 1931 was elected to the position 
he held at the time of his retirement. Mr. 
Meyer was Vice-President of the Institute, 
1934-36, and a Director from 1939 to 1943. 
He has been active in the affairs of the 
Oklahoma Utilities Association for a number 
of years. 


L. A. Doggett (A ’13, F ’36), who retired as 
Emeritus Professor of electrical engineering 
at the Pennsylvania State College on January 
1, 1949, served as interim Professor of Elec- 
trical Engineering at the University of 
Florida, Gainsville, from February to June of 
this year. He is now serving as visiting Pro- 
fessor of Electrical Engineering at Bucknell 
University, Lewisburg, Pa. Mr. Doggett is a 
Member for Life. 


F. L. Snyder (M ’46) has been named Man- 
ager of the Transformer Division, Westing- 
house Electric Corporation, Sharon, Pa. 
Succeeding Mr. Snyder as Transformer Divi- 
sion Engineering Manager is J. H. Chiles, 
Jr., (A’26, F’48). R. L. Brown (M’42) 
fills Mr. Chiles’ former post of Division Engi- 
neer. All three men have been associated 
with Westinghouse for their entire business 
careers, Mr. Snyder and Mr.Chiles since 1925 
and Mr. Brown since 1922. 


Charles Ganther (A’39, M’48) has been ap- 
pointed Superintendent of the Electrical De- 
partment of the Cleveland (Ohio) Electric 
Illuminating Company, succeeding A. H. 
Nicholson (A’25), retired. Associated with 
the firm since 1928, Mr. Ganther’s former 
designation was Assistant Superintendent 
of the Electrical Department. Mr. Nichol- 
son had been with the company since 1905. 
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Henry Morton Brinckerhoff (A’96, M 96, 
Member for Life), inventor of the third rail 
used for electric railways and a partner in 
the consulting engineering firm of Parsons, 
Klapp, Brinckerhoff, and Douglas, New 
York, N. Y., died October 12, 1949, at his 
home in Englewood, N. J. Five years ago, 
Mr. Brinckerhoff was appointed one of three 
engineering consultants by Governor Dewey 
of New York to plan for the Thruway from 
Buffalo, N. Y., to New York City, this park- 
way being Mr. Brinckerhoff’s final engineer- 
ing undertaking. He had a part in equip- 
ping the New York Interboro Company’s 
subway system, the Queensboro Tube, The 
Detroit-Windsor, Ontario, Canada, tunnel, 
and the elevated railway system of Chicago. 
He also served as consultant for the city of 
Chicago in planning its new subway, and 
was consultant for construction of the 
New York World’s Fair. Mr. Brinckerhoff 
served as General Manager of the Metro- 
politan Elevated Railway Corporation, 
Chicago, Ill., and as President of the Mohawk 
Hydroelectric Company and the Fulton 
Company of New York. The engineer was 
the first chairman of Englewood’s City- 
Planning Board, established to meet prob- 
lems caused by the construction of the 
George Washington Bridge. Born April 
20, 1868, in Beacon, N. Y., Mr. Brinckerhoff 
was graduated from the Stevens Institute of 
Technology in 1890 with a degree in me- 
chanical engineering. He held member- 
ships in the American Society of Civil 
Engineers, the Western Society of Engineers, 
and the Engineers’ Club of New York. He 
belonged to the old Traction and Trans- 
portation Committee, 1914-16 and 1921-22, 
serving as its Chairman during the latter 
interval, and was a member of the former 
Meetings and Papers Committee, 1921-22. 


John Murphy (A ’00, M ’01, F *13, Member 
for Life), Senior Electrical Engineer with 
the Canadian Government’s Department of 
Transport, Ottawa, Ontario, Canada, on 
his retirement in 1938, died September 23, 
1949. In addition to holding the afore- 
mentioned post, Mr. Murphy was Acting 
Superintendent of the Rideau Canal during 
his last four years with the government. A 
native of Ottawa, born December 17, 1868, 
Mr. Murphy joined the Chaudiere Electric 
Light and Power Company in 1887. Four 
years later, he was placed in charge of the 
power plants of both the newly formed 
Ottawa Electric Railway Company and the 
Chaudiere firm. He continued as an 
employee of these two utilities for the next 
20 years, at the same time engaging in a 
consulting engineering practice. In 1906, 
Mr. Murphy began his 32-year association 
with the Canadian Government, starting as 
an electrical engineer with the Department 
of Transport (then called the Department 
of Railways and Canals). Subsequently, 
he became a member of the Board of Railway 
Commissioners. Active in technical organi- 
zations, Mr. Murphy was Past-Chairman of 
the Ottawa branch of the Engineering 
Institute of Canada, served as President of 
the Canadian National Committee, Inter- 
national Electrotechnical Commission from 
1927 to 1937, and as official delegate to the 
World Power Conference in 1924 and in 
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1930. He also worked with the Canadian 
Engineering Standards Association and 
held membership in the Canadian Electrical 
Association. Mr. Murphy served on the old 
Traction and Transportation Committee, 
1916-22, and the Transportation Com- 
mittee, 1925-38. 


Robert B. Ely (A ’41), Chief Airport Light- 
ing Engineer, Civil Aeronautics Administra- 
tion, Chicago, Ill., died July 6, 1949. Noted 
as a lighting expert, Mr. Ely began his 
industrial career with the Philadelphia 
(Pa.) Electric Company in 1901. During 
the next 16 years, he worked in most of the 
utility’s departments, and also inaugurated 
the lighting service department. In 1917, 
Mr. Ely joined the Westinghouse Electric 
Corporation. There, he was in charge of 
educational courses for salesmen and de- 
signed many street and airport lighting 
installations. The lighting of the Cape 
Cod Canal was one of his projects. Mr. Ely 
became associated with the Daunt Corpora- 
tion, Long Island City, N. Y., in 1940, 
where he was in charge of engineering and 
sales. In the following year, he left to super- 
vise electrical installations for military air- 
ports and fortifications for the United States 
Engineer Office at Charleston, S. C. In 
1944, he went to Chicago, Ill., to join the 
Civil Aeronautics Administration. Mr. Ely 
was an active member of the Illuminating 
Engineering Society, having contributed 
several articles to their early Transactions, 
and having served as Director of the society 
from 1921 to 1924 and Chairman of their 
New England Section. A native of Phila- 
delphia, Pa., he was born October 10, 1884, 
and was educated at Johns Hopkins Uni- 
versity. 


David Fowler Atkins (A’07, M’16, Mem- 
ber for Life), a consulting engineer, Flushing, 
N. Y., died January 8, 1949, according to a 
notice received recently by the Institute. 
Born in Westfield, Mass., December 16, 
1869, Mr. Atkins was graduated from 
Worcester Polytechnic Institute in 1891 with 
a bachelor of science degree in mechanical 
engineering. In the latter year, he became 
Chief Draftsman at the Foundry and Ma- 
chine Works, Harrisburg, Pa. After holding 
that position for five years, he went to Rio de 
Janeiro, Brazil, where he was engineer in 
charge of the operation of two electric rail- 
ways and one small lighting plant. In 
1898, he joined the Armington Sims Engine 
Company, Providence, R. I., as a designer, 
and the following year he accepted a similar 
post with McIntosh, Seymour, and Com- 
pany, Auburn, N. Y. Mr. Atkins was 
designated Engineering Inspector, Archi- 
tect’s Office, United States Treasury De- 
partment, Washington, D. C., in 1901, 
holding that position until 1914. Next, 
he became Chief Engineer of Light and 
Power, Bureau of Gas and Electricity in 
New York City’s Department of Water 
Supply, Gas, and Electricity. Appointed 
Mechanical Engineer for the Lord Electric 
Company, New York, N. Y., in 1919, he 
joined the Chicago Pump Company, New 
York, N. Y., four years later. In 1925, 
he became a consulting engineer, and he 
worked in that capacity for the remainder 
of his business career, 
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Joseph Elbert Woods (M’48), Senior 
Distribution Engineer, Central Power and 
Light Company, Corpus Christi, Tex., 
died September 18, 1949. A native of 
Corsicana, Tex., he was born September 22 
1899. After being graduated from the 
Agricultural and Mechanical College of 
Texas in 1921, with a bachelor of science 
degree in electrical engineering, he joined 
the Texas Power and Light Company, Dallas, 
Tex., as a rate clerk. Later, he worked on 
a substation maintenance crew and in mer- 
chandise sales, being promoted to» Trans- 
mission Engineer in 1924. In 1927, he 
became ‘Transmission Engineer and “As- 
sistant to the Chief Engineer for the Central 
Power and Light Company, San Antonio, 
Tex. Five years later, the company de- 
signated him District Engineer and Assistant 
District Manager of the Guadalupe District. 
Appointed District Engineer in Corpus 
Christi in 1939, Mr. Woods advanced to 
Senior Distribution Engineer in 1945. He 
was a member of the Texas Society of 
Professional Engineers and the South Texas 
Engineers’ Club, and served as Chairman of 
the San Antonio Section during 1930-32. 


Edmund Oscar Schweitzer (A’99, F ’20, 
Member for Life), Chief Testing Engineer 
for the Commonwealth Edison Company, 
Chicago, IIll., on his retirement in 1936, 
died September 22, 1949. A native of 
Chicago, born October 10, 1875, he received 
a bachelor of science degree in electrica) 
engineering from Purdue University in 
1898. Following his graduation, he began 
a 38-year association with the Common- 
wealth Edison Company, starting as an 
electrical inspector. He was appointed 
Testing Engineer in 1902 and Chief Testing 
Engineer in 1909, holding the latter post 
until he retired. For 19 years, he was 
President of the S and C Electric Company 
and was the joint inventor of the Schweitzer 
and Conrad extra-high-potential fuse and 
Schweitzer and Conrad lightning arresters. 
In addition, he invented the automatic in- 
stantaneous regulator and the recording 
synchroscope. The author of numerous 
papers on cable problems, he was a member 
of the [lluminating Engineering Society, 
the American Mathematics Society, and the 
Western Society of Engineers, and a past 
member of the National Research Council. 


Frank Rogers Bacon (A’10, M’20, 
Member-for-Life), one of the organizers of 
the Cutler-Hammer, Inc., Milwaukee, Wis., 
died October 6, 1949. A native of Mil- 
waukee, he was born September 28, 1872. 
After attending Princeton University for 
one year, he left school to enter his father’s 
grain business, but soon became interested 
in the electrical industry. In 1896, he 
formed the American Rheostat Company, 
a Wisconsin corporation, becoming its 
president. Three years later, he organized 
the Cutler-Hammer company as a Wisconsin 
corporation, merging the American Rheostat 
Company and the Cutler-Hammer Manu- 
facturing Company of Illinois. Mr. Bacon 
was President of the consolidated company 
until 1924, Board Chairman from 1924 to 
1931, and both President and Board Chair- 
man from 1931 to 1945. During his life, 
he had numerous other business connections. 
He assisted in organizing the Lackawanna 
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Bridge Company, Buffalo, N. Y., in 1909 
and was Vice-President until his resignation 
in 1922. He was Vice-President of the 
Niagara Smelting Corporation and President 
of the S and C Electric Company, Chicago, Ill. 
His professional affiliations included member- 
ship in the Engineering Society of Mil- 
waukee, the New York Engineers’ Club, 
and the Electrical Manufacturers Club. 


Martin Berthold (A’08, M’14, Member 
for Life), President, Berthold Electric and 
Engineering Company, Akron, Ohio, died 
October 16, 1949. Identified with the afore- 
mentioned company since 1923, Mr. Berthold 
was born in Oberholz, Saxony, Germany, on 
September 6, 1877. He was educated in 
his native country, and started his business 
career there with Dr. G. Langbein and 
Company in Leipzig, working on motor and 
generator design. In 1902, he came to the 
United States, and joined the Western 
Electric Company, Chicago, Ill., as a 
technical clerk in the dynamo-testing de- 
partment. Three years later, he was em- 
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Recommended for Transfer 


The board of examiners at its meeting of October 27, 
1949, recommended the following members for transfer 
to the grade of membership indicated. Any objection 
to these transfers should be filed at once with the secre- 
tary of the Institute. A statement of valid reasons for 
such objections must be furnished and will be treated 
as confidential, 


To Grade of Fellow 


Allen, A. Jy meter engineer, Consolidated Edison Co., 
of N. Y., Inc., New York, N. Y. 

Barrett, W. J., electrical co-ordination engineer, N. J. 
Bell Tel. Co., Newark, N. J. 

Cox, V. L., mgr. of engg., switchgear divs., General 
Electric Co., Phila., Pa. 

DeMerit, M., chief power engineer, Tennessee Valley 
Authority, Chattanooga, Tenn. 

Ferrill, R. M., system planning engineer, Tennessee 
Valley Authority, eeaseanee enn. 

Gaty, L. R., manager, engineering dept., Philadelphia 
Electric Co., Phila., Pa. 

Harper, J. D., asst. district power mgr., Aluminum Co. of 
America, Alcoa, Tenn, 

Hill, W. S., vice-pres., engg., Locke Inc., Baltimore, Md. 

Kendrick, W. H., vice-pres., chg. of operations, South 
Carolina Elec. & Gas Co., Columbia, S. C. 

McCann, G. D., elec. engg. professor, California In- 
stitute of Technology, Pasadena, Calif. 

wets S. S., chief engr., Century Electric Co., St. Louis, 

oO. 


11 to grade of Fellow 


To Grade of Member 


Askew, J. D., radio engr., Southern Bell Tel. & Tel. 
Co., Atlanta, Ga. 

Basinger, C. B., graduate student, Univ. of Michigan, 

Sc Parma, Mich. ; = 5 

elsky, P., consulting & application engr., Westinghouse 
Bec. Corp., Tae Angola, Calif. 

Bertolet, E. C., electronics engr., seismic geophysical 
instrument lab., The Superior Oil Co., South 
Pasadena, Calif. 

Bradshaw, F. C., small motor design engr., Westinghouse 
Electric Corp., Lima, Ohio 

of J., chief engr., Photoswitch, Inc., Cambridge, 

ass 


Carroll, F. W., asst. head, acquisition section, Rural 
Electrification Adm., Washington, D. C. 

Cooper, E. A., partner, Brink-Dunwoody-Cooper, Iola, 
Kans. 

Degnan, W. ar elec. engr., high voltage engg. lab., 
General Electric Co., Pittsfield, Mass. 

de Lascurain, M. M., consalaing ener Lascurain & 
Mier, Co., Mexico, Federal District, Mexico 

Dodson, V. E., asst. to district mgr., Pacific district, 
General Electric Co., San Francisco, Calif. 

Drummond, V. L., supervisor, plant engg. section, 
Chevrolet-Central Office, GMC., Detroit, Mich. 

Dupree, G. W., elec. engr., operating dept., South- 

a bas ie Sem y Service Co., ae eh j 

Vvov ., consulting engr.; partner, Semco Services, 

New York, N. Y = 

Frank, J. M., elec. engr., Hevi Duty Electric Co., 
Milwaukee, Wis. 
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ployed as an assistant electrical engineer 
with the Commercial Electric Company 
(predecessor to the Fairbanks Morse Elec- 
trical and Manufacturing Company), In- 
dianapolis, Ind. Designated Chief Engineer 
for the Ideal Electric and Manufacturing 
Company, Mansfield, Ohio, in 1909, Mr. 
Berthold accepted a similar post with the 
Imperial Electric Company, Akron, three 
years later and remained there until 1923. 


Ivan S. Rice (A’27, M’44), Assistant 
Superintendent of Substations, Common- 
wealth Edison Company, Chicago, IIL, 
died August 11, 1949. Born August 24, 
1895, in Morrilton, Ark., Mr. Rice was a 
32-year veteran with Commonwealth Edison, 
having joined the utility in 1917. After 
serving as Chief Operator, he became 
Supervisor of the Operating Division in the 
Substation Department in 1927. Two years 
later, he was transferred to the Maintenance 
Division, acting in a similar capacity, and, 
in 1935, he was designated Assistant Engi- 
neer of Maintenance. 


Gerhold, R. A., electronics engr., material lab., N. Y. 
Naval Shipyard, Brooklyn, N. Y. 

Gerlishe, T. O., supervising design engr., Headman- 
Ferguson & Carollo, Emeryville, Calif. 

Grafinger, L. N., research engr., servomechanisms lab., 
Massachusetts Institute of Technology, Cambridge, 


ass. 
Hammer, O. S. C., elec. engr. IV, Tennessee Valley 
Authority, Chattanooga, Tenn. 
pictelnges, J. B., consulting radio engr., Kansas City, 


oO. 
emperly J. H., senior elec. engr., General Electric 
‘0., Richland, Wash. 
Humber, J. H., design & research engr., eclipse-pioneer 
div., Bendix Aviation Corp., Teterboro, N. 2 
Johnson, E. L., elec. engr., The Connecticut Power Co., 
New London, Conn. 

Johnson, G. S., electric plant engg. dept., Kohler Co., 
Kohler, Wis. 

Jones, L. G., layout draftsman, The Glenn L. Martin 
Co., Baltimore, Md. 

Lewin, W. A., supt., electrical installations, General 
Electric Co., Chicago, III. 

Lewis, C. B., section engr., control engg. div., General 
Electric Co., Erie, Pa. 

Lloyd, H. R., Jr., application engr., General Electric 
Co., Schenectady, N. Y. 

Long, A. S., mgr., transmission-record communication, 
eee Standard Electric Corp., New York, 

Lyons, S. E., electrical engr., Tennessee Valley Au- 
thority, Chattanooga, Tenn. 

McClarren, A. E., asst. electrical engr., Electric Boat 
Co., Groton, Conn. 

Miller, A. A., relay foreman, Buffalo Niagara Electric 
Corp., Buffalo, N. Y. 

Morris, W. C., Jr., asst. supt., meter & service depts., 
Southwestern Gas & Electric Co., Shreveport, La. 

Parchman, J. B., engr., Texas Power & Light Co., 
Dallas, 

Parent, R. J., asst. prof., electrical engg., Univ. of Wis- 
consin, Madison, Wis. 

Potts, H. M., elec. engr.; chief, marketing & sales div., 
U. S. Bureau of Reclamation, Boise, Idaho 

Qurollo, J. J., Jr., engr., Western United Gas & Electric 
Co., Aurora, III. 

Rademeyer, H. P., elec. engr., Monsanto Chemical 
Co., St. Louis, Mo. 

ordinate? E. J., elec. engr., Rural Electrification 
Adm., Washington, D. C. 

Rhea, T, R., mgr., chem, & pet. div., General Electric 
Co., Schenectady, N. Y. 

Rice, B. S., load supervisor, engg. dept., Buffalo Niagara 
Elec. Corp., Buffalo, N. ¥ 

Richardson, H. C., asst. supt. of operations, northern 
div., Duquesne Light Co., Pittsburgh, Pa. 

Richmond, J. K., assoc. lab. engr., Westinghouse 
Electric Corp., East Pittsburgh, Pa. 

Sale, H. C., chief electrical inspector, City of New 
Orleans, New Orleans, La. 

Sayner, W. V., area budget control supervisor, American 
Tel. & Tel. Co., Chicago, III. 

Scott, F. M., engineer, electrical dept., Allis-Chalmers 
Mfgr. Co., Rihvsaker, Wis. 

Scott, J. M., Jr., sales engr., Westinghouse Elec. Inter- 
national Co., New York, N. Y. 

Skyllingstad, D. E., district engr., The Kerite Co., 
Chicago, Ill. 

Smith, F. R., elec. engr., Gulf States Utilities Co., 
Beaumont, Tex. a 

Smith, R., chief electrical engr., Mead Corp., Chilli- 
cothe, Ohio 
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Storrs, G.S., layout designer, Glenn L. Martin Co., 
Baltimore, Md. 
Stuart, J. F., elec. engr., El Paso Electric Co., El Paso, 
x 


Tex. 

Taylor, J. B., asst. vice-pres., Atlantic City Elec. Co., 
Atlantic City, N. J 

Vance, P. A., section engr., General Electric Co., Ft. 
Wayne, Ind. 

Wald, F. O., meter supt., Utah Power & Light Co., 
Salt Lake City, Utah 

Weber, J. C., assoc. prof. of elec. engg., Univ. of Wis- 
consin, Madison, Wis. 

Wells, C. H., chg. pulse transformer design, General 
Elec. Co., Pittsfield, Mass. 

Wisere W., elec. engr., Western Electric Co., Chicago, 


Wirt, iy: R., welding engr., process dept., Delco Remy 
Div., GMC., Anderson, Ind. 


59 to grade of Member 


Applications for Election 


Applications for admission or re-election to Institute 
membership, in the grades of Fellow and Member 
have been received from the following candidates, and 
any member objecting to election should so notify the 
Secretary before December 25, 1949, or February 25, 
1950, if the applicant resides outside of the United States, 
Canada, or Riaxice: 


To Grade of Fellow 


Haldane, T. G. N., Merz & McLellan, Milburn, Esher, 
Surrey, England ; 
Levi, G., Dr., Palestine Elec. Corp. Ltd., Haifa, Israel 


2 to grade of Fellow 


To Grade of Member 


Abell, S. E., Ohio Public Service Co., Sandusky, Ohio 

Albert, E. K., California-Pacific Utilities Co., San 
Francisco, Calif. 

Auer, R. W., 50 E. 67th St., New York, N.Y. 

Berges, D. M., Pesco Products, Cleveland, Ohio 

Boerner, T. J., RCA Victor Div., Camden, N. J. — 

Campbell, J. H., General Elec. Co., Cleveland, Ohio 

Cavanagh, J. G., Iowa Power & Light Co., Des Moines, 
Iowa 

Chadwick, J. H., The Alabama Polytech. Inst., Auburn, 
Ala. 


Clayton, M. D., Univ. of Connecticut, Storrs, Conn. 

Coleman, I. V., Automatic Elec. Co., Chicago, Ill. 

Fels, G. B., Patterson Elec. (Eastern) Ltd., Montreal, 

uebec, Canada 

Fish, J. P. (re-election), Gonzalo Puyat & Sons, Inc., 
Manila, P. I. =. : 

Forsyth, J. C., Municipal Electricity Dept., Christ- 
church, New Zealand 

Furst, J. } Sperry Gyroscope Co., Great Neck, N. Y. 


Gilbert, A., Radio Frequency Labs., Inc., Boonton, 
N. J. Sgr - 
Grate, it W., Cincinnati Gas & Elec. Co., Cincinnati, 


Ohio 
Guse, R. C., The Washington Water & Power Ce,, 
Spokane, Wash, F ‘ 
Hall, Re I., Hughes Aircraft Co., Culver City, Calif. 
Hamilton, J. T. (re-election), Baker & Co., Newark, N. J. 
Hartman, ¥ R., American Locomotive Co., Schenec- 
tady, N. Y. 
Homcaa C. R., General Elec. Co., Boston, Mass. 
Hibbard, L. J. (re-election), Westinghouse Elec. Corp., 
E. Pittsburgh, Pa. ’ 
Howe, J. F., General Motors Corp., Dayton, Ohio 
Jacobs, R. S., 2176 St. Catherine St., W., Montreal, 
Quebec, Canada - 
ohns, J. P., Southwest Tenn. EMC, Brownsville, Tenn. 
Johns, L. D., Sangamo Elec. Co., Springfield, Ill. 
cCreery, R. L., Bureau of Reclamation, Washington, 
D.C 


McCutchen, .M., Rural Electrification Admin., Wash- 
ington, D. C. 

McPherson, J. C., I. B. M., New York, N. Y¥. 

Mandeno, L., P. O. Box 1277, Auckland, New Zealand 

Morrison, A. T., Electro Switch Corp., Weymouth, 


Mass. 
Ostendorf, B., Bell Tel. Labs., New York, N. Y. 
Poole, H. W., General Elec. Co., Schenectady, N. Y. 
Reist, J., Power Corp. of Canada, Montreal, Quebec, 
Canada : 
Roper, V. J., General Elec. Co., Cleveland, Ohio 
Seibert, R. M., Stromberg-Carlson Co., Rochester, NuYy: 
Springer, H. E., Rayonier, Inc., Port Angeles, Wash. 
Stacey, E. M., General Elec. Co., Schenectady, N.Y. 
Stainton, H. M., Florida Power & Light Co., Miami, 
Fl. 


a. } 
Stevens, J. H., Canada Wire & Cable Co., Leaside 
Ontario, Canada : 4 
Tall, M. A., Phillips Packing Co. Inc., Cambridge, Md. 

T. A. I. G,, Patterson Elec. Ltd., Montreal, 


Thayer, A. H., Dept. of Water & Power, Los Angeles, 
Calif. ; - 

Tomasso, M. C., General Elec. Co., Philadelphia, Pa. 

Toy, E. L., Canadian General Elec. Co., Ltd., Toronto, 
Ontario, Canada 

Troster, M., Otis Elevator Co., New York, N. Y 

Weems, F. C., Southern Bell Tel. & Tel. Co., Jackson, 


Miss. 
Woodruff, C. S., Ogden & Woodruff, Baton Rouge, La. 
Zwingli, C. T., American Agricultural Chemical Co., 
New York, N. Y. 
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Exploratory Meeting Discusses 


Increased Unity for Engineers 


For some time Engineers Joint Council 
has been studying suggestions which have 
been made from various sources as to means 
by which the engineering organizations of 
the United States could co-operate in increas- 
ing the unity of the engineering profession. 
These studies led to an invitation sent this 
past summer by Engineers Joint Council to 
16 of the leading engineering societies of the 
country, suggesting that each society desig- 
nate a representative to take part in an 
exploratory meeting to discuss further this 
very important subject. 

This meeting was held on October 20, 1949, 
under the chairmanship of R. E. Dougherty, 
EJC Chairman. Representatives of 14 of 
the 16 societies were present. H. S. Os- 
borne was made secretary of the meeting. 

There was a very full and free discussion 
of the whole problem. 

Agreement was general among the mem- 
bers of the group that some steps to- 
ward organizing for increased unity of the 
engineering profession would be desirable. 
If an organization is to speak for the profes- 
sion in important public matters and in other 
questions which affect the profession as a 
whole, it should have a structure which would 
enable it to respond to the various services 
which it may perform. No conclusion was 
reached as to the form which such structure 
might take. However, the group felt that 
the first approach to this subject would best 
be made through considering methods for 
closer co-operation between the existing 
organizations and for modifying, and per- 
haps grouping, some of these organizations 
rather than to consider the establishment of 
an entirely new additional organization. 

As a result of the discussion a Planning 
Committee was appointed from members of 
the group, charged with the responsibility for 
preparing statements regarding various 
alternative plans of achieving this aim and 
reporting back to the main group. The 
date of the next meeting of the main group 
was set tentatively for January 27, 1950. 


(Editor’s Note: For background material and 
the steps which have been taken by the AIEE 
toward increased unity of the engineering 
profession, see the summary report of the 
Professional Activities Subcommittee of the 
Committee on Planning and Co-ordination 
on Organization of the Engineering Profes- 
sion published in Electrical Engineering, May 
1947, pages 496-501. This report and the 
ways to achieve professional unity are dis- 
cussed in an address by President James 
F, Fairman, ‘‘Can Engineers Be Synchro- 
nized?”’, published in Electrical Engineering, 
September 1949, pages 749-50.) 


Representatives who attended the meeting 
of the exploratory group, were as follows: 


American Association of Engineers: James H. Griffin, 
Board of Transportation of the City of New York, N. Y. 
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American Institute of Chemical Engineers: L. W. Bass, 
U. S. Industrial Chemicals, Inc., New York, N. Y. 


American Institute of Electrical Engineers: T. G. Le- 
Clair (F’40), Commonwealth Edison Company, 
Chicago, II. 


American Institute of Mining and Metallurgical Engi- 


neers: James L. Head, Anaconda Copper Company, 
New York, N. Y. 


American Society of Civil Engineers: Carlton S. Proctor, 
New York, N. Y. 


American Society for Engineering Education: Dean 
Thorndike Saville, College of Engineering, New York 
University, New York, N. Y. 


The American Society of Mechanical Engineers; Edgar 
J. Kates, New York, N. Y. 

American Society of Refrigeration Engineers: Professor 
Burgess H. Jennings (part-time), Mechanical Engineer- 
ing Department, Northwestern University, Evanston, 
Ill. 


Professor C, F. Kayan (alternate), Columbia University, 
New York, N. Y. 


American Water Works Association: Harry E. Jordan, 
American Water Works Association, New York, N. Y. 


Institute of Aeronautical Sciences: S. Paul Johnson, 
Director, Institute of Aeronautical Sciences, New 
York, N. Y. 


Institute of Radio Engineers; B. E, Shackelford, RCA 
International Division, New York, N. Y. 


National Society of Professional Engineers: Alex Van 
Praag, Jr., Warren and Van Praag, Inc., Decatur, Ill. 


Society of Automotive Engineers: Hollister Moore 
(alternate for W. S. James), Manager, Membership and 
Sections Department, Society of Automotive Engi- 
neers, New York, N. Y. 


Society of Naval Architects and Marine Engineers: 
J. H. King (part-time), care of Babcock and Wilcox, 
New York, N. Y. 

Captain W.N., Landers (alternate), Secretary, Society of 
Naval Architects and Marine Engineers, New York, 
INE ME 


The following representatives were absent: 


American Society of Heating and Ventilating Engineers: 
Dean L. E, Seeley, University of New Hampshire, 
Durham, N. H. 


Illuminating Engineering Society: Lee E. Taylor, 
Detroit Edison Company, Detroit, Mich. 


The following members were appointed to 
the exploratory group’s Planning Committee: 


B. E. Shackelford, Chairman; L. W. Bass, E. J. Kates, 
T. G. LeClair, Dean Thorndike Saville, Alex Van Praag, 
Jr.; also, R. E. Dougherty, New York Central System, 
New York, N. Y., ex-officio; and H. S. Osborne, New 
York, N. Y., Secretary 


AIEE New York Section Plans 
Joint Sessions at AAAS Meeting 


The AIEE New York Section will be spon- 
sor of a 3-day joint session to be held at the 
116th Annual Meeting of the American 
Association for the Advancement of Science 
in New York, N. Y., December 26-31, 1949 
(EE, Nov ’49, p 1014). The subject of the 
sessions will be ‘‘Television.”’ 

A symposium, in two parts, is to be held at 
the Hotel McAlpin. The first part, on 
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Wednesday evening, December 28, will 
cover “The Technology of Television”? and 
will be conducted by John V. L. Hogan 
(M’20) of Hogan Laboratories, Inc., New 
York, N. Y. Taking part with Mr. Hogan 
in dealing with the various phases of the sub- 
ject will be the following: 


John H, Roe, Supervisor, Television Engineering Group, 
Engineering Products Department, RCA Victor Divi- 
sion, Radio Corporation of America 


R. M. Bowie, Manager, Physics Laboratory, Sylvania 
Electric Products, Inc. 


T. T. Goldsmith, Jr., Director of Research, Allen B. 
DuMont Laboratories, Inc. 


The second part of the symposium will be 
held on the evening of December 29 and will 
cover ‘‘The Impact of Television on Society,”’ 
and ‘‘Future Developments.” W. L. Lau- 
rence, Science Reporter for The New York 
Times, will be in charge of this session. Tak- 
ing part also will be 


Sterling W. Fisher, Manager of Public Affairs and 
Education Department, National Broadcasting Company 


Ricardo Muniz, General Manager, Receiver Division, 
Allen B. DuMont Laboratories, Inc. 


E. Finley Carter (M’47) Vice-President in Charge of 
Engineering, Sylvania Products, Inc. 


In addition to the symposium, the AIEE is 
preparing an exhibit illustrating the prin- 
ciples of operation of the various elements 
involved in bringing television from the 
studio to the home. This exhibit, which will 
include working models, kinescope record- 
ings, and other items of interest, will be held 
in the East Room at the Hotel McAlpin and 
will be open December 28, 29, and 30. 


Reclamation Bureau to Transmit 
Power Via Cable in Tunnel 


Power for the operation of the Granby 
pumping plant on the Colorado-Big Thomp- 
son project will be transmitted via cable 
through the Alva B. Adams irrigation tunnel] 
under the Continental Divide. The Com- 
missioner of Reclamation has authorized an 
award of contract to Electrical Constructors, 
Inc., and C. M. Elliott, Chula Vista, Calif., 
on a low bid of $986,000. 

The decision to transmit power in this 
unprecedented manner rather than by 
stringing a high-voltage transmission line 
over the rugged Rocky Mountain country 
was on the recommendation of the Chief 
Engineer and Regional Director of the 
Bureau at Denver. It will eliminate the 
necessity of erecting and maintaining a 
tower transmission line across one of the 
highest and most rugged sections of the 
Rocky Mountains. There is a calculated 
risk involved in that any emergency main- 
tenance of the cable might require stopping 
the flow of water through the tunnel, but 
technicians after full study report that this 
risk is no greater than that in maintaining a 
tower transmission line through the almost 
inaccessible area which is swept by bitter 
cold storms every winter. 

The Commissioner of Reclamation esti- 


ELECTRICAL ENGINEERING 


mates savings of approximately $500,000 by 
placing the cable in the tunnel. The low 
bid of $986,000 for this job of running a 
69-kv transmission circuit through the tunnel 
compared with a low bid for the tower line 
of $1,483,782.66. 

The cable will be contained in a gas-filled 
pipe to keep out moisture and will be strung 
along the ceiling of the 9%/,-foot-diameter 
13-mile-long tunnel. The tunnel cuts under 
the Continental Divide running more than 
3,600 feet below some of the high peaks 
towering above it. It will present a unique 
situation. Water from the west slope of the 
Rockies will be diverted through the tunnel 


to plunge through hydroelectric plants on 
the east slope. A portion of the power 
generated there will be returned through the 
tunnel via the transmission lines to pump 
more water eastward through the tunnel. 

Placing of the tunnel transmission cable 
will not interfere with the present operation 
of the tunnel. The tunnel is now used only 
during the irrigation season and the trans- 
mission cable will be strung before the 
project plan can be fully effectuated by 
operation of the Granby pumping plant. 
This plant is now under construction and a 
fully sustained pumping program is planned 
by 1953. 


Credit Balance, Photoprint Service, Cited 


in Report of Engineering Societies Library 


According to the Annual Report of the 
Director of the Library, the Engineering 
Societies Library ended its 36th fiscal year 
last September 30 with a credit balance for 
the first time in several years. Also noted 
in the report was the development of a new 
photoprint service, installation of shelving, 
and discarding of some library material. 

The annual report discussed a survey made 
by Richardson Wood, which was _pri-~ 
marily a study of library services, but 
which dealt also with collection and space 
problems. The survey was financed by a 
$5,000 grant from the Engineering Founda- 
tion and was supervised by the Library Study 
Committee under Chairman Ole Singstad. 

Those who made the survey came up 
with three recommendations for improving 
library procedure. One of these has 
been modified and adopted for a trial period. 
It calls for the supplying of photoprint 
copies of not only material that is available 
at the Engineering Societies Library, but 
of technical articles that are available any- 
where in the United States. This expanded 
service has just been announced. 

Statistics given in the library’s report 
show a reduction in the number of paid 
services, but an increase in the number of 
persons visiting the library over the previous 
fiscal year. 

Because the Founder Societies decided 
to make their allotments to the library, on 
the basis of their membership, three months, 
instead of 15 months, before the beginning 
of the fiscal year, the library derived an 
unanticipated increase in income of over 
$2,200. Moreover, contributions from other 
organizations and income from sale of books 
and periodicals were over $1,300 greater 


than expected. Expenditures were less than _ 


estimated, largely because two staff members 
who resigned were not replaced. And for 
the first time in several years, costs of opera- 
tion did not rise faster than income. All of 
this contributed to obtaining a small credit 
balance. Greater efficiency, less turnover, 
and fewer books to be catalogued made it 
possible to absorb the loss of two workers. 

During the fiscal year, the staff prepared 
brief reviews of 514 books valued at over 
$2,600. These reviews are published in the 
journals of the four Founder Societies, in 
the Journal of the Engineering Institute of 
Canada, and by the Engineering Index. 

In the Engineering Societies Building, 
space was provided for an additional 12,000 
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library volumes. In the reading room, 
several offices and walls have been painted. 
Glass troughs have been removed from the 
lighting fixtures. As a result readers now 
have a light intensity of 20 foot-candles. 

Many valuable gifts of books and 
periodicals were received by the library in 
the past year. Outstanding among these 
was the collection of books on precious stone 
bequeathed to the library by Sydney 
H. Ball. There are some 400 volumes 
dating from 1548. 


Future Meetings of Other Societies 


American Association for the Advancement of Science. 
116th Annual Meeting. December 26-31, 1949, Hotels 
Statler, Governor Clinton, New Yorker, McAlpin, and 
Martinique, New York, N. Y. 


American Institute of Chemical Engineers. National 
Meeting. December 4-7, 1949, William Penn Hotel, 
Pittsburgh, Pa. 


American Meteorological Society. 30th Anniversary 
Meeting. January 3-6, 1950, St. Louis, Mo. 


American Society of Mechanical Engineers-Society 
for the Advancement of Management. Plant Main- 
tenance Show. January 16-19, 1950, The Auditorium, 
Cleveland, Ohio 


American Society for Testing Materials. February 
27-March 2, 1950. William Penn Hotel, Pittsburgh, 
Pa. 


Armed Forces Communications Association. 1950 
Annual Meeting. April 26-27, 1950, New York, N. Y.; 
April 28, 1950, Fort Monmouth, N. J. 


Atomic Energy Commission-New York University. 
Conference on Industrial and Safety Problems of Nu- 
clear Technology. January 10-12, 1950, New York 
University, New Yerk, N. Y. 


Institute of the Aeronautical Sciences. 18th Annual 
Meeting. January 23-26, 1950, Hotel Astor, New York, 
INGn&e 


Institute of Radio Engineers. Second Southwestern 


Conference. December 9-10, 1949, Baker Hotel, Dallas, 
Tex. 
National Electrical Manufacturers Association. 


March 13-16, 1950, Edgewater Beach Hotel, Chicago, 
Ill. 


National Petroleum Association. 
Hotel Cleveland, Cleveland, Ohio 


National Society of Professional Engineers. 1949 
Annual Meeting. December 8-10, 1949, Houston, Tex. 


Protective Relay Engineers. Third Annual Confer- 
ence. March 20-22, 1950, Department of Electrical 
Engineering, Agricultural and Mechanical College of 
Texas, College Station, Tex. 


April 12-14, 1950, 


Society of Automotive Engineers. January 9-13, 
1950, Hotel Book-Cadillac, Detroit, Mich. 
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AEC-NYU Meeting to Deal With 
Safety in Nuclear Technology 


New York University in co-operation with 
the Atomic Energy Commission will hold 
for the first time next January a 3-day 
conference on Industrial and Safety Prob- 
lems of Nuclear Technology. 

Scheduled to be conducted January 10, 
11, and 12 at New York University, the 
conference will be the first of its kind in the 
area of industrial applications of nuclear 
technology. It will be sponsored by the 
university’s adult branch, the Division of 
General Education, and the university’s 
Center for Safety Education. The con- 
ference was planned by Assistant Professor 
Sidney G. Roth, director of technical courses 
at the division, and Dr. Walter Cutter of the 
Safety Center. 

The conference, according to Professor 
Roth, will attempt to meet the needs of 
industrial firms as well as technicians who 
want to know more about how atomic energy 
can be applied to peacetime uses. 

The first day’s discussion will be concerned 
with problems created by the production of 
radioactive materials with special emphasis 
on hazards associated with radiation. The 
use of isotopes and the requirements of a 
radio-chemical laboratory for safe handling 
of isotopes will be considered on the second 
day. 

The third and final day of the conference 
will be devoted to such questions of public 
health as water pollution and sewage dis- 
posal, which might arise from the establish- 
ment of radio-chemical laboratories and 
Atomic Energy Commission installations. 
Important questions of insurance will also 
be discussed by leading investigators in the 
field. : 

Among the speakers who will participate 
in the 3-day conference are Gordon Dean, 
one of the five commissioners of the Atomic 
Energy Commission; W. E. Kelley, manager 
of the New York Operations Office of the 
AEC; Dr. G. K. Green, chief of the Accel- 
erator Project at the AEC’s Brookhaven 
National Laboratory; Dr. Serge A. Korff, 
Professor of Physics at New York University; 
and Dr. G. Failla, Professor of Radiology at 
Columbia University. 


Franklin Institute Appointments. Dr. 
Nicol H. Smith has been named Director 
of Research Operations of the Franklin 
Institute Laboratories for Research and 
Development, Philadelphia, Pa. With the 
Franklin Institute since 1932, Dr. Smith is 
noted for his technical work on the atomic 
weight of scandium and for his researches 
on germanium, tungsten, and magnesium 
oxychloride elements. Last year, he was 
awarded the Presidential Certificate of Merit 
for his services in the field of ballistic re- 
search with the Office of Scientific Research 
and Development. Other new appoint- 
ments at the Franklin Institute laboratories 
are: Ralph H. McClarren to Associate 
Director for Electronics and Instruments; 
Frank S. Chaplin to Associate Director for 
Mechanical and Civil Engineering; Harry 
H. Stout, Jr., to Assistant Director for 
Contract Administration; and Peter F. 
Suffredini to Manager of Administrative 
Services. 
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“Aircomatic” Welding Process 


Meagher Elected President of 
United Engineering Trustees 


Edward C. Meagher, Treasurer, Texas 
Gulf Sulphur Company, New York, was 
re-elected President of the United Engineer- 
ing Trustees, Inc., at its recent annual 
meeting in the Engineering Societies Build- 
ing, New York, N.Y. 

Other officers re-elected were: Irving 
V. A. Huie (American Society of Civil 
Engineers), President of the Board of Water 
Supply, New York, and James F. Fairman 
(President AIEE), Vice-President of the 
Consolidated Edison Company of New 
York, as Vice-Presidents; Kurt W. Jappe, 
retired Director of Purchases, Hercules 
Powder Company, Wilmington, Del., and 
Treasurer of The American Society of Me- 
chanical Engineers, as Treasurer; James L. 
Head (American Institute of Mining and 
Metallurgical Engineers), Department of 
Mines, Chile Exploration Company, New 
York, as Assistant Treasurer. John H. R. 
Arms (American Institute of Mining and 
Metallurgical Engineers, American Society of 
Mechanical Engineers), was re-elected Secre- 
tary. 
Colonel William N. Carey, Secretary of 
the American Society of Civil Engineers, 
will head the Real Estate Committee, which 
includes Messrs. James L. Head, Warner 
Seely, and A. G. Oehler. George W. 
Burpee (American Society of Civil Engi- 
neers), will serve as Chairman of the Finance 
Committee. Other members will be Messrs. 
K. W. Jappe, James L. Head, R. F. Gagg, 
and D. A. Quarles (F 41). 

United Engineering Trustees, Inc. is a 
corporation set up jointly by the four na- 
tional engineering Founder Societies, which 
have an aggregate membership of about 
100,000. These societies are: American 
Society of Civil Engineers, American In- 
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Welding  alumi- 
num plate in any 
position is possible 
with this newly 
developed “‘Airco- 
matic” welding 
gun. There are 
no electrodes to 
change and the 
filler metal is fed 
to the gun auto- 
matically from the 
spool at the right. 
Argon or helium 
gas, also fed to the 
gun, shields the 
molten metal from 
air and eliminates 
the need for fluxes, 
electrode coatings, 
and slag removal. 
The process was 
developed by the 
Air Reduction 
Sales Company 
and at the Battelle 
Institute 


stitute of Mining and Metallurgical 
Engineers, The American Society of Me- 
chanical Engineers and American Institute 
of Electrical Engineers. 

The corporation promotes the advance- 
ment of the engineering arts and sciences in 
all their branches, through two departments, 
the Engineering Foundation and the Engi- 
neering Societies Library. The corporation 
is the titular owner of the Engineering 
Societies Building and of the trust funds of 
the Library, the Foundation, the John 
Fritz Medal Board of Award, and the Daniel 
Guggenheim Medal Board of Award. 


Physical Science Internships 
Offered to Students by NBS 


Excellent opportunities now exist for out- 
standing students in science and engineering 
to broaden their undergraduate or graduate 
training through vacation-time employment 
and graduate fellowships offered by the 
National Bureau of Standards. The Bureau 
has established an integrated work-study 
program, beginning at the college-sophomore 
level, for the selection and training of its 
research scientists and engineers. This 
program permits the student to alternate 
periods of full-time study with actual work 
experience in his chosen field, supplemented 
by on-the-job training and orientation 
courses at the Bureau. At the same time 
it enables the Bureau to select promising 
students, upon graduation, for permanent 
appointment to its staff and to provide them 
with opportunities for professional growth 
and advancement through further in-service 
training. 

As the principal agency of the Federal 
Government for fundamental research in 
physics, mathematics, chemistry, and engi- 
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neering, the National Bureau of Standards 
carries on a wide variety of projects ranging 
all the way from measurement of the mag- 
netic moment of the proton to the develop- 
ment of new types of materials for pre- 
fabricated housing. Work in these fields at 
the Bureau includes basic and applied re- 
search, development, testing, calibration, 
and scientific advisory services. This di- 
versity permits the student to choose work 
in his particular field of interest and to 
broaden his experience through contact 
with other related lines of work at the Bureau. 

There are essentially three programs of 
interest to college and university students: 
the internship program for undergraduates; 
the regular training program for college 
graduates on the staff; and the fellowship 
program for graduates engaged in working 
for advanced degrees. 

For the college undergraduate, there is 
a work-study program leading to permanent 
appointment as a professional member of 
the Bureau staff. Students who have 
completed at least two years of an engineer- 
ing or science course are appointed under 
this plan as Student Aids on the basis of a 
test of general ability, which also qualifies 
them for permanent professional appoint- 
ment after graduation. Those who have 
credit for two years of college receive a salary 
of $208 per month while those who have 
finished their junior year are paid $227 a 
month. Usually appointments are for a 
3-month period during the summer vacation 
However, if greater work experience is 
desired than can be obtained in one or two 
summers, the last two or three years of the 
college course may be spent in alternate 
periods of work and study under the co. 
operative plan of education offered by a 
number of technical schools in this country. 

Upon full-time appointment to the 
Bureau’s professional staff, the young scientist 
or engineer is given an indoctrination course 
consisting of two hours a week for 15 weeks. 
This training program includes instruction 
in technical skills necessary for performing 
one’s job at the Bureau and the developing 
of habits of work, study, and thinking that 
will be of advantage in tackling research 
problems. 

Regarding the graduate study program, 
the Bureau of Standards has made available 
a limited number of research fellowships. 
These positions, which require no examina- 
tion, may be filled by graduate students, 
provided the work to be done is useful in 
fulfilling the thesis requirement for an 
advanced degree. The stipend is $2,974 
a year. 

Further information regarding study pro- 
grams and qualifications for appointment 
may be obtained from the Personnel Division, 
National Bureau of Standards, Washington 
25, DEC: 


University and Industrial Research. Two 
conferences on research, one dealing with 
university work and the other slanted to 
researchers in industry, were held recently. 
The former, which was held in mid-Sep- 
tember at the Pennsylvania State College, 
State College, Pa., had as its theme, ‘“The 
Functions of University Research.”’ Titled 
the Third Annual Conference on the Ad- 
ministration of Research, the 3-day meeting 
explored the relationship between the 
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university and government and industry. 
One of the many topics discussed was the 
present methods of supporting university 
research. At the South Dakota School of 
Mines and Technology, Rapid City, S. Dak., 
a 2-day Conference (October 20-21) on 
{ndustrial Research took place. The role of 
research in the mineral, chemical, hydraulic, 
electrical, and mechanical industries and in 
agriculture was discussed. 


Engineering Foundation Elects 
Bakhmeteff Head, Aids Research 


The Engineering Foundation elected Dr. 
Boris A. Bakhmeteff, Consulting Engineer 
and Professor of Civil Engineering, Columbia 
University, its Chairman at the recent an- 
aual meeting of its Board in the Engineering 
Societies Building, New York, N. Y. Dr. 
C. G. Suits (F ’47) of the General Electric 
Company was chosen Vice-Chairman. Re- 
elected officers included Frank T. Sisco 
as Technical Director, and John H. R. 
Arms as Secretary. 

Dr. Bakhmeteff was also appointed Chair- 
man of the Executive Committee. Other 
members of the Executive Committee are: 
Mr. Arms as Secretary; Dr. Suits; Dr. A. 
B. Kinzel, Vice-President of the Union 
Carbide and Carbon Research Laboratories, 
Inc.; Herman Weisberg (American Society 
of Mechanical Engineers), Mechanical Engi- 
neer in the Electrical Engineering Depart- 
ment of the Public Service Company of 
New Jersey; and D. A. Quarles (F’41), 
Vice-President of the Bell Telephone Labora- 
tories, Inc. 

The Research Procedure Committee will 
be headed by Dr. Bakhmeteff. Other 
members are: E. R. Kaiser (American 
Institute of Mining and Metallurgical 
Engineers), Assistant Director of Research, 
Bituminous Coal Research Inc., Pittsburgh, 
Pa.; Herman Weisberg (American Society 
of Mechanical Engineers); and Dr. Suits. 

Reports were made at the meeting on 14 
research projects sponsored and supported 
in part by Engineering Foundation during 
the past year. These projects, for the sup- 
port of which nearly $500,000 was con- 
tributed by the Foundation and by industry, 
included research in such varied fields as 
the properties of riveted and bolted structures 
for bridges, properties of steel at various 
temperatures, as well as properties of re- 
inforced concrete for building construction, 
welding, and lubrication. 

Grants were recommended for the year 
1949-1950 for the continuation of ten of 
the past year’s 14 projects and for the 
support of five new projects. Among the 
important new researches being undertaken 
with Foundation sponsorship and grants 
are the internal rusting of water pipes, the 
performance of power plant furnaces, and 
increased efficiency in building small homes. 

The Engineering Foundation, a depart- 
ment of United Engineering Trustees, Inc., 
has now been engaged in important research 
activities for more than 35 years. It aided 
in establishing the National Research Coun- 
cil and its division of Engineering and 
Industrial Research. It has contributed to 
the support of the Engineers’ Council for 
Professional Development, which, represent- 
ing eight organizations, aims at the advance- 
ment of the profession of engineering. 
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Engineering Societies Library Offers 


Comprehensive Photoprint Service 


Under a new service offered by the 
Engineering Societies Library, readers of 
this magazine may obtain photoprint copies 
of technical articles available anywhere in 
the United States. Heretofore, photoprints 
only of material contained in the library 
were supplied. 

The applicant has the option of using 
either the new “comprehensive service’ or 
the old “limited service.” 

If an individual or organization decides 
to use the “comprehensive service,’ then 
he must sign an agreement to accept condi- 
tions and rates of the ‘comprehensive 
service’’ plan as the basis for all photoprint 
orders placed by him with the Engineering 
Societies Library from the date of the agree- 
ment through December 31, 1950. Until 
that date, the new plan is being operated 
on a trial basis. Should it prove practicable, 
then the “comprehensive service’? will be 
continued, and all agreements with the 
library may be renewed. Copies of the 
agreement forms may be obtained from the 
Engineering Societies Library, 29 West 
39th Street, New York 18, N. Y. 

Photoprints of technical material, under 
the comprehensive plan, are available at a 
flat rate of five dollars per article, it the 
article is not over 25 pages. For longer 
articles, there is a charge $2.50 for each 
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INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Electromagnetic Induction 


To the Editor: 


George I. Cohn (EE, Nov’ 49, pp 1078-19) in 
discussing induction in a Faraday disk when 
the flux is pulsating, concludes that: the 
flux linking law gives wrong results; the flux 
cutting law gives the correct result; and 
experiment verifies his conclusion. I submit 
that Cohn is completely wrong on all three 
counts! Referring to Figure 1 there is 
shown on the left, part A, a solid rotating 
disk, through which a uniform flux of den- 
sity By cos w’tis pulsating. Select any radius 
oc and then complete the circuit oaMbco 
through external brushes a and 6 and meter 
M. Now it is impossible for the meter M to 
register all the voltage induced, because that 
part of the induced voltage due to the pulsa- 
tion of the flux will induce eddy currents in 
the solid material of the disk just sufficient to 
consume that component of the induced 
voltage. In order to avoid worrying about 
these eddy currents, and in order that the 
meter may measure the total induced voltage, 
suppose we replace the solid disk by a single- 
spoke wheel as shown in part B. (A solid 
disk may be thought of as an infinitely mul- 
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additional 25 pages or fraction thereof. 
Members of the AIEE or any other of the 
Founder Societies who order photoprints 
for their personal use will be charged $4.50 
for the first 25 pages and $2 for each 
succeeding 25 pages. 

If the reader does not wish to avail himself 
of the new plan, then he may use “‘limited 
service’ for obtaining photoprints. Under 
this procedure, only material contained in 
the library is copied, and, as in the past, 
no signed agreement is required. Photo- 
prints will be supplied at 40 cents per 
print—minimum charge, $1 per order. 
Any two facing pages that together measure 
not over 11 by 14 inches can be taken on one 
print. Larger material requires one print 
per page. For AIEE members, the charge 
for ‘“‘limited service” is 35 cents per print. 

Photoprints are white-on-black (negative) 
prints. Copyrighted material will not be 
copied beyond recognized “‘fair use’’ without 
the signed authorization of the copyright 
owner. All responsibility for questions of 
copyright that may arise in the copying 
and in the use made of the copies must be 
assumed by the applicant. 

Rates are subject to change without notice, 
except that no increase will be made without 
notifying those having agreements for the 
use of the “comprehensive service.” 


THE EDITOR 


stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognitior 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbor 
copies. Any illustrations should be submitted im 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


tiple spoke wheel.) It will be expedient to 
cut the rim of this single-spoke wheel at some 
point, for otherwise the eddy currents will 
flow around the rim. This simplification 
does not in any way vitiate the principles 
under consideration. Now doing just as 
Cohn did we have 


0 
gm, Be cos w/t=flux linking circuit oaM- 
bco 


0=wt=angle swept out by oc 


dp R*Bofdo 
77 5 (G Cos w/t—w’6 sin .') (1a) 
RB 
= lw COS w't—w'wt sin w’t) (1b) 
RB 
mere (cos w/t—w’t sin w’t) (1c) 


The cos w/t term may be interpreted as “flux 
cutting action.”” The sin wt may be inter- 
preted as ‘transformer action.’? Cohn said 
that this complete expression ‘‘is obviously 
incorrect for eo ast.” He then said 
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Bocos w’t 


CUTTING ACTION 
cos w/t 


INDUCED VOLTAGE COMPONENTS 


-- TRANSFORMER COMPONENT 


Bocos w’t 


Bo ae wt 


w’t SIN co’t (UP TO W’t=277) 


INSTANT OF THE “SUBSTITUTION 
OF CIRCUIT” AT wt = 277 


Figure 1 


A—Solid disk 
B—Single spoke and interrupted ring 


‘*As may easily be verified by experiment the 
correct result is (the cos w’t term).’’ 
Actually, the complete expression gives the total 
induced voltage up until the time wt=27, at 
which time a ‘“‘substitution of circuit’’ takes 
place as the spoke passes the brush 4, as shown 
in part C of Figure 1 (at which instant the 
circuit oaMbc is ‘‘substituted’”’ for the cir- 
cuit oaMbdce as the brush breaks contact 
with point d and makes contact with point 
¢). At this instant when cd passes the brush 
the transformer induced voltage (w’t sin w’t) 
drops to zero, and starts over from zero. A 
plot of the induced voltage components is 
shown in Figure 1D. 

The foregoing fixes attention on a particu- 
lar spoke of the wheel, and shows how the 
induced voltage in the circuit of which that 
spoke is a part, consists of two components of 
voltage—the cos w’t term due to cutting ac- 
tion, and the w’t sin w’t (up to wt =27) due to 
transformer action. It clearly shows a sub- 
stitution of circuit as the spoke passes the 
brush, 

Now as an alternative point of view let us 
fix our attention on a (fixed in space) radial 
line from the center of the disk out to the 
brush ), and calculate the voltage induced in 
the circuit of which this radial line is a part. 
Once again, in order to avoid eddy currents, 
let our disk be replaced by a wheel with 
numerous spokes, and a rim interrupted be- 
tween every spoke, as shown in Figure 2. 
Take the brush 5 at some angle @ from the 
reference line 0b’ (parallel to aM). In this 
case @ is a constant (not equal to wt), but the 
instantaneous angular velocity of the spoke 
oc is d0/dt=w. Hence equation 1a becomes 


dp R°Be 
da 3 


(w cos w/t—w’O sin wt) 


in which the cos w’t is due to cutting action 
and the @ sin w’t term is due to transformer 


1114 


C—‘Substitution of circuit”? at wt =2r 
D—Plot of induced voltage components 


action. Now this latter term is greater the 
greater 9, but repeats after 9=2z. Thus a 
different induced voltage is experienced for 
every position of the brush. In particular, 
for @=0, the brush is at b’ and only the 
motional term of induced voltage survives. 
Once again, we observe a “substitution of 
circuit’ as each spoke in succession takes up 
and passes through the position oc. 

We must conclude, therefore, that for 
either point of view (Figure 1 or Figure 2), 
there exists, in general, both motional and 
transformer components of induced voltage 
in the Faraday disk. It is only in the particu- 
lar case @=0 in Figure 2 that only a motional 
component survives. 

This example, of Cohn’s own choosing, 
shows how badly he has gone astray in his 
reasoning. First, he ignores completely the 
transformer component of induced voltage. 
Second, his denial of the ‘“‘substitution of cir- 
cuit”? idea leads him to the false notion that 
equation 1 means that the voltage increases 
indefinitely, rather than only to wt=2rz. 
Third, his statement that the voltage induced 
consists only of the motional term ‘‘as may 
easily be verified by experiment” is untrue. 
Cohn never made or observed any such 
experiment. Had he actually performed the 


nn 


Figure 2. “Substitution of circuit” as each 
spoke in succession passes the brush 
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experiment (and done it right) he would 
have readily found: 


1. Heat in the disk due to the induced eddy currents, 
and these eddy currents exist also if the disk is not rotating. 


2. Whe remaining (or motional component cos v’t) of 
the voltage will not be measured in full by the meter, be- 
cause the eddy currents will reduce the effective flux 
density. 


This is a case in which certain effects (the 
induced eddy currents) mask the thing we 
want to measure (the total induced voltage). 
For that reason the single-spoke wheel with 
interrupted rim, or the multiple-spoke whee] 
of Figure 2, must be used to find experi- 
mentally what we are after. Ifit be objected 
that a single spoke is hardly a disk, we have 
only to observe that the same analysis holds 
for several spokes, and a solid disk may be 
looked on as an infinite number of spokes 
infinitely close together. 

May I point out that this example goes fur- 
ther than its own interest—a better example 
could hardly have been chosen for forcing 
recognition of the idea of a “‘substitution of 
circuit,” first proposed in my paper ‘‘Flux 
Linkages and Electromagnetic Induction,” 
AIEE Transactions, volume 48, 1929, page 
327. In Cohn’s article, ‘Electromagnetic 
Induction” (EE, May °49, pp 441-7), he 
rejected the idea entirely. 

It is regrettable that Cohn would imply 
that his erroneous conclusions were verified 
by experiment. It is hardly fair to drag red 
herrings across the path of scientific investiga- 
tions. 


L. V. BEWLEY (F ’47) 
(Lehigh University, Bethlehem, Pa.) 


Power Electronics 


To the Editor: 

In the August 1949 issue of Electrical 
Engineering, C. H. Willis presents several 
examples in an article, “‘Power Electronics 
as an Educational Medium (EE, Aug ’49, pp 
647-9). These are apparently considered 
ideal for ‘‘stimulating student interest.” 

The problem of metering a load consisting 
of a “‘pure”’ resistance in series with a load 
as illustrated in his Figure 3 is one which is 
more likely to confuse the student rather than 
interest or instruct him. 

Any student sufficiently advanced to tackle 
the problem would normally be aware of: 


1. The fact that problems of this type may call for 
application of the notion, if not the detail, of a Fourier 
series. 


2. The pitfalls set by meters which may read mean, 
peak, or rms, 


3. The ambiguity of the term ‘‘in phase” when applied 
to dissimilar functions having the same period. 


Having solved the problem to his own satis- 
faction, the student may not unreasonably 
wonder just what his instructor has been 
attempting to illustrate. The problem has 
‘‘Danger’’ signs hung all over it: “‘Danger— 
Alternating Voltages and Direct Currents at 
Work”; ‘‘Danger—Unknown Meter Move- 
ments at Work; ‘‘Danger—Instructor Prat- 
tling About Phase Relationships Between 
Dissimilar Periodic Functions” ; “‘Danger— 
Nonlinear Resistance.”’ 

Also, someone has connected the voltmeter 
on the wrong side of the wattmeter. 


A. G. BENEDICT 


(Brisbane Water County Council, Gosford, New South 
Wales, Australia) 
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NEW BOOKS eeecece 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


PHYSICS, PRINCIPLES AND APPLICATIONS. 
By H. Margenau, W. W. Watson, and C. G. Mont- 
gomery. McGraw-Hill Book Company, New York, 
N. Y.; Toronto, Ontario, Canada; London, England, 
1949. 760 pages, illustrations, diagrams, charts, tables, 
91/4 by 6 inches, cloth, $5. Covering both classical and 
modern physics, this textbook is designed for under- 
graduates who require a thorough and accurate intro- 
duction to engineering and the physical sciences. All 
recent advances in physics, understandable on an elemen- 
tary level, have been included mainly as examples of 
fundamental principles. The topics introduced on this 
basis range from the heat pump to nuclear physics. 


PRINCIPLES OF ELECTRICITY AND ELECTRO- 
MAGNETISM. (International Series in Pure and 
Applied Physics). By G. P. Harnwell. Second edi- 
tion. McGraw-Hill Book Company, New York, N. Y.; 
Toronto, Ontario, Canada; London, England, 1949. 
670 pages, diagrams, charts, tables, 91/4 by 6 inches, 
cloth, $6. Both experimental and theoretical electricity 
are covered, with more emphasis on the experimental 
aspect. The changes in the second edition are based on 
the advances made during the last decade. The ac- 
counts of electronics and radiation are expanded in the 
direction of the higher frequencies, and brief accounts of 
generators of these frequencies and of resonant cavities 
and wave guides are now included. More attention is 
now devoted to the physics of solid conduction, the 
magnetic properties of atoms and nuclei, and high-energy 
electromagnetic ion accelerators. New problems have 
been added. 


RADIO WAVE PROPAGATION, Consolidated Sum- 
mary Technical Report of the Committee on Propaga- 
tion of the National Defense Research Committee. 
C. R. Burrows, Chairman; S. S. Attwood, Editor. 
Academic Press, Inc., New York, N. Y., 1949, 548 
pages, illustrations, diagrams, charts, tables, 11 by 8 
inches, cloth, $8.80. In this consolidation of three 
volumes, a record of the wartime activities and develop- 
ments in the field of propagation of radio waves through 
the troposphere is given: Volume I gives a critical over- 
all view of the technical developments in the study of 
tropospheric propagation, and conference reports on 
standard and nonstandard propagation. Volume II 
considers the advances in meteorology and various radio 
wave propagation experiments. In Volume III, propa- 
gation of radio waves through the standard atmosphere 
is dealt with. 


SCIENCE AND ENGINEERING OF NUCLEAR 
POWER, Volume II. By A. O. Allen and others, 
edited by C.Goodman. Addison-Wesley Press, Kendall 
Square Building, Cambridge 42, Mass., 1949. 317 
pages plus index, illustration, diagrams, charts, tables, 
103/4 by 8 inches, cloth, $7.50. Of value to those inter- 
ested in the industrial applications of nuclear energy, 
this volume contains 17 pages on specific aspects of the 
subject. Source materials, isotope separation, various 
aspects of pile design, applications to rockets, effects of 
radiation, health physics, and future developments of 
auclear energy are discussed. 


TABLES OF BESSEL FUNCTIONS OF FRAC- 
TIONAL ORDER, Volume 2, prepared by the Compu- 
tation Laboratory of the National Applied Mathematics 
Laboratories, National Bureau of Standards. Columbia 
University Press, New York, N. Y., 1949. 365 pages, 
tables, 10%/4 by 8 inches, cloth, $10. The present vol- 
ume, devoted to the tabulation of Jy(x) for +y=1/4, 1/2, 
2/3, 3/4, is a sequel to the volume containing J»(x) for the 
game orders. The functional values in both volumes are 
given either to ten decimal places or to ten significant 
figures. The tables cover a range of x from 0 to 25. 
Tables for facilitating interpolation and a list of con- 
stants are included. 


TABLES OF THE BESSEL FUNCTIONS OF THE 
FIRST KIND OF ORDERS FORTY THROUGH 
FIFTY-ONE. (Annals of the Computation Labora- 
tory of Harvard University, Volume XI). By the Staff 
of the Computation Laboratory. Harvard University 
Press, Cambridge, Mass., 1948. 620 pages, tables, 
10*/4 by 73/4 inches, cloth, $10. Continuing the series of 
tables computed by the automatic sequence controlled 
calculator, the present volume extends the coverage of 
Bessel functions of the first kind. Computational tech- 
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niques and the calculator itself are described in earlier 
volumes of the series. As before, the tables are carried to 
ten decimal places. 


TABLES OF THE CONFLUENT HYPERGEOMET- 
RIC FUNCTION F(*/2:, 1/3; x) and RELATED 
FUNCTIONS (National Bureau of Standards, Applied 
Mathematics Series 3). United States Government 
Printing Office, Washington, D, C., 1949. 73 pages, 
diagrams, tables, 10!/4 by 8 inches, paper, $0.35. These 
tables, of importance in connection with the so-called 
analysis-of-variance tests, are also intended to facilitate 
the construction of other tables needed for sequential 
analysis and various other statistical tests. The tables 
are carried out to six decimal places. The analytical 
properties of the function are discussed, and a group of 
interpolation charts are included with explanation. 


TABLES OF GENERALIZED SINE- AND COSINE- 
INTEGRAL FUNCTIONS: Parts I and II (Annals of 
the Computation Laboratory of Harvard University, 
Volumes XVIII and XIX). By the Staft of the Compu- 
tation Laboratory. Harvard University Press, Cam- 
bridge, Mass., 1949. Part I, 462 pages; Part 2, 560 
pages; charts, tables, 10%/4 by 8 inches, cloth, $10 each 
volume. The introduction to this 2-volume set de- 
scribes the characteristics, computation, and interpola- 
tion of the functions considered. The 6-place tables, 
expanded from short tabulations prepared for war work, 
are useful mathematical tools for the investigation of such 
questions as self- and mutual impedances, radiation re- 
sistance, and distribution of current in antennas and 
antenna arrays of various types. 


THEORY OF OSCILLATIONS. By A. A. Andronow 
and C. E. Chaikin. English edition edited under the 
direction of S. Lefschetz. Princeton University Press, 
Princeton, N. J., 1949. 358 pages, diagrams, charts, 
tables, 91/4 by 6 inches, cloth, $6. A condensed version 
of one published in 1937 in Russian and containing the 
first extensive treatment of nonlinear oscillations. It 
begins with a treatment of linear systems, but progresses 
to various types of nonlinear systems using both mechani- 
cal and electrical examples. Special attention is given 
to self-excited oscillations. There is a bibliography of 
the most accessible books and papers. 


BASIC COURSE IN ELECTRONICS, a Textbook for 
Midshipmen of the United States Naval Academy. 
Published by United States Naval Institute, Annapolis, 
Md., 1948. 394 pages, illustrations, diagrams, charts, 
tables, 9 by 53/4 inches, cloth, $5. Presents the prin- 
ciples upon which electronic devices and their associated 
electric circuits are based. Stress is placed upon funda- 
mental theory and important mathematical relation- 
ships, circuit design and usage. The first part deals 
with the circuit-elements and other material of radio 
communication. The remainder is devoted to new con- 
cepts dealing with recent developments inelectronics. A 
knowledge of d-c and a-c circuits and machinery is as- 
sumed. Some 50 pages of problems and review of ques- 
tions are included. 


EINFUHRUNG IN DIE ELEKTROTECHNIK. By 
E. Dinner. Rascher Verlag, Ziirich, Switzerland, 
1947. 476 pages, illustrations, diagrams, charts, tables, 
9 by 6 inches, cloth, 36 Sw.frs, This introductory text 
for electrical engineering students presents the principles 
of electricity and of electric equipment. Transformers, 
synchronous and asynchronous motors, d-c motors, com- 
mutators, converters, and electron tubes are treated. 
Considers measuring techniques, electrical construction, 
and materials used in electric equipment. Some 50 
books for further reference are listed, grouped according 
to the chapters to which they relate. 


ELECTRIC-MOTOR CONTROL GEAR, START- 
ING, PROTECTION AND SPEED. By J. L. Watts. 
Electrical Review, Ltd., distributed by Iliffe and Sons, 
Ltd., London, England, 1948. 84 pages, illustrations, 
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diagrams, charts, tables, 83/4 by 51/2 inches, fabrikoid, 
5s. Of interest to all concerned with the installation, 
maintenance, and performance of electric motors, this 
book explains from a practical viewpoint the principles 
underlying the construction and operation of various 
types of control gear. 


ELEKTRONENSTRAHL - OSZILLOGRAPHEN, 
BAND I. By P. E. Klein. Weidmannsche Verlags- 
buchhandlung, Berlin and Frankfurt, Germany, 1948. 
210 pages, illustrations, diagrams, charts, tables, 91/2 by 
61/2inches, stiff cardboard, DM 19. Presents a summary 
of the workings of numerous types of cathode-ray tubes 
and the connections and operations of necessary auxili- 
ary instruments. A great part of the text is devoted to 
oscillograph amplifiers. Many tables, diagrams, cir-- 
cuits, and photographs are included as well as references: 
to books, articles, and patents. 


ELEMENTS OF ELECTROMAGNETIC WAVES. 
By L. A. Ware. Pitman Publishing Corporation, New 
York, N. Y., and London, England, 1949. 203 pages, 
diagrams, charts, tables, 91/4 by 6 inches, cloth, $3.50. 
Employing the rationalized MKS units, this text gives 
electrical engineering studenis an introduction to the 
basic ideas of electromagnetic theory. A knowledge of 
calculus and basic a-c theory is assumed. Vector alge- 
bra is introduced as needed. Manyillustrative examples 
and problems are included, and such topics as wave 
guides and antennas are included as applications of the 
theory. 


ENGINEERING OPTICS. By K. J. Habell and 
A. Cox. Sir Isaac Pitman and Sons, Ltd., London, 
England, 1948. 411 pages, illustrations, diagrams, 
charts, tables, 81/3 by 51/4 inches, cloth, 35s. A critical 
survey of the most important optical methods and instru- 
ments that are applicable to engineering practice. The 
properties of ideal optical systems and actual systems are 
discussed. Light and illumination, microscopes, tele- 
scopes, optical projection, and profile microscopes are 
considered in detail. 


ESSENTIAL METALLURGY FOR ENGINEERS. 
By A.C, Vivian. Thirdedition. Sir Isaac Pitman and 
Sons, Ltd., London, England, 1948. 180 pages, illus- 
trations, diagrams, charts, tables, 88/« by 5!/a inches, 
cloth, 12s.6d. Written for engineering students, this 
book is devoted to the causes and control of the proper- 
ties of metals and alloys. Amorphous and crystalline 
structure, solid solutions, and eutectics are considered 
prior to mechanical properties and metallurgical tech-, 
niques. Various alloys are dealt with in detail. A 
glossary of terms is included. 


HANDBOOK OF PLASTICS. By H. R. Simonds, 
A. J. Weith, and M. H. Bigelow. Second edition. 
D. Van Nostrand Company, Toronto, Ontario, Canada; 
New York, N. Y.; London, England, 1949. 1,511 
pages, illustrations, diagrams, charts, tables, 91/s by 61/2 
inches, cloth, $25. Beginning with a survey of the in- 
dustry which lists producers and fabricators, this book 
covers the plastics field exhaustively from raw materials 
to finished products. It gives details of the manufac- 
turing methods, machinery and processes for the plastics 
themselves; also for the many articles into which they: 
are fabricated. It includes plastics of all compositions 
and all manufacturers, with the specific properties which 
determine their applications and their choice for any 
particular purpose, use or method of processing. The 
thorough revision includes the enlarging of the chapters 
on chemistry and on analysis, the full coverage of post- 
forming and low-pressure molding, and the addition of 
sections on laminating, stress and strain, patents and 
accounting. There is a 57-page list of trade names and 
trade-marks. 


HOCHSTROMKOHLEBOGEN. (TECHNISCHE 
PHYSIK IN EINZELDARSTELLUNGEN, volume 6, 
edited by W. Meissner.) By W. Finkelnburg. Sprin- 
ger-Verlag, Berlin, Gottingen, Heidelberg; J. F. Berg- 
mann, Munich, 1948. 221 pages, illustrations, dia- 
grams, charts, tables, 91/2 by 61/2 inches, paper, 22.50 M. 
Presents the physics and technology of high-tension car- 
bon arcs. Following a short summary of the properties 
and mechanisms of low-tension carbon arcs, the general 
properties and operation ef high-tension arcs are dis- 
cussed. The physical properties, mechanisms, and 
theory of high-tension arcs are then considered in detail. 


INDUSTRIAL ELECTRONICS AND CONTROL. 
By R. G. Kloeffler. John Wiley and Sons, New York, 
N. Y.; Chapman and Hall, Ltd., London, England, 
1949. 478 pages, illustrations, diagrams, charts, tables, 
91/4 by 6 inches, cloth, $5.50. This book is designed for 
the student whose major interest is in the electric power, 
mechanical, or chemical engineering field, rather than 
for the communications major. Beginning with Bohr’s 
early theory of the atom, the author proceeds to the 
basic theory of electron tubes, associated circuits, and 
control component devices. The latter part of the book 
covers the major applications in the industrial and com- 
mercial fields. 
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PAMPHLETS eccecee 


The following recently issued pamphlets may be of 
interest to readers of “Electrical Engineering.” All 
inquiries should be addressed to the issuers. 


Review of Current Research and Directory 
of Member Institutions, 1949. Describes 
research projects in engineering subjects now 
being conducted by the 82 colleges and 
universities which hold membership in the 
Engineering College Research Council of the 
American Society for Engineering Educa- 
tion. The 186-page book is available at 
$1.75 per copy from F. M. Dawson, College 
of Engineering, State University of Iowa, 
Lowa City, Iowa. 


Schematic Manual for Surplus Electronic 
Equipment, PB 98487, VolumeI. First ofa 
series of publications providing prospective 
purchasers of Government surplus electronic 
equipment with basic circuit diagrams, and 
characteristics of the more common types of 
apparatus available. Selling for $1, the 44- 
page manual is obtainable from the Office of 
Technical Services, United States Depart- 
ment of Commerce, Washington 25, D. C., 
check or money order payable to the Treas- 
urer of the United States. 


Wings for the Transit. Explains how topo- 
graphic maps are produced from precision 
aerial photographs. Copies of the booklet 
may be obtained from Lockwood, Kessler, 
and Bartlett, Inc., 32 Court Street, Brooklyn 
PINE SG 


Three NEMA Publications. ‘Definitions 
for Marine-Propulsion Steam Turbine Elec- 
tric Equipment (A-C),”’ Publication Number 
MP3-1949. Designed to aid in developing 
standards; 12 pages, sellsfor $1.25. ‘‘Stand- 
ards for Rubber Insulated Building Wire and 
Cable, 0-5,000 Volts,’? Publication number 
RV2-1949. Dimensions, insulation, cover- 
ing, and testing of types R, RH, RW, and RU 
wire and cable are given; 40 pages, priced 
at $1.25. ‘Standards for Thermoplastic 
Insulated Building Wire and Cable, 0-600 
Volts,’ Publication Number RV1-1949. 
Gives dimensions, insulation, physical and 
aging requirements, and testing and electrical 
requirements of types J and TW wire and 
cable; 24 pages, sells for 90 cents. All 
three publications are available from the 
National Electrical Manufacturers Associa- 
tion, 155 East 44th Street, New York 17, 
Nays 


The Electron Microscope and Its Applica- 
tion to Materials Problems, PB 97957. 
Prepared to assist in the training of Air 
Force technicians, the manual gives basic 
theory, operation, and applications of the 
electron microscope. 48 pages. Priced at 
$1.25. Available from the Office of Tech- 
nical Services, United States Department of 
Commerce, Washington 25, D. C., check or 
money order payable to the Treasurer of 
the United States. 


Handbook on Fabricated Natural Mica. 
Describes the properties and processing of 
two common types of mica, Muscovite and 
Phlogopite. 15 pages. Available from the 
Mica Fabricators Association, 420 Lexington 
Avenue, New York 17, N. Y. 
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An Introduction to the Dynamics of Com- 
pressible Fluids, PB 97906. Designed to 
equip beginners in the study of hydrody- 
namics for further work in gas dynamics re- 
search. 160 pages. Priced at $20 in photo- 
stat or $6 in microfilm, the book is available 
from the Library of Congress, Photoduplica- 
tion Service, Publication Board Project, 
Washington 25, D. C., check or money 
order payable to the Librarian of Congress. 


Engineering Handbook of the National 
Association of Broadcasters, Fourth Edition. 
Contains Federal Communications Commis- 
sion rules and regulations and technical 
information on radio, television, and audio 
engineering. Running to nearly 700 pages, 
it is priced at $17.50. Available from the 
National Association of Broadcasters, 1771 N 
Street, N. W., Washingon 6, D. C. 


United States Atomic Energy Commission 
and Contracting and Purchasing Offices 
and Types of Commodities Purchased. 
Tells what products are bought by the AEC 
and how business men can go about selling 
their goods to the Commission and its con- 
tractors. Priced at ten cents, it is available 
from the United States Government Printing 
Office, Washington 25, D. C. 


Supplement to “Steam-Electric Plant Con- 
struction Cost and Annual Production 
Expenses.” The supplement gives 1948 
costs for 199 of the 200 plants covered in the 
original study and also presents data on 19 
new generating plants. Copies of the supple- 
ment (order number FPC S-74), are avail- 
able at 50 cents. The original volume (FPC 
S-72), covering data for the 10-year period, 
1938-47, is priced at $3. Send remittances 
to the Federal Power Commission, Washing- 
ton 25, D. C. 


Hot-Tinning, by W. E. Hoare.. Provides 
complete working instructions for the produc- 
tion of hot-tinned coatings on fabricated 
articles and components. 112 pages. Free 
on request from the Tin Research Institute, 
Inc., 492 West Sixth Avenue, Columbus 1, 
Ohio. 


NBS Publications. ‘Bibliography of Books 
and Published Reports on Gas Turbines, Jet 
Propulsion, and Rocket Power Plants,’’ 
National Bureau of Standards Circular 482; 
49 pages, 20 cents. ‘‘Fundamental Tech- 
niques in the Frequency Adjustment of 
Quartz Crystals,’ NBS Circular 480, by 
L. T. Sogn and C. Barclay. Gives methods 
for changing frequency of high-frequency 
thickness-shear crystals; 9 pages, 10 cents. 
“Testing of Hydrometers,” by E. L. Peffer 
and M. G. Blair, NBS Circular 477. Out- 
lines desirable features of hydrometers that 
will improve their usefulness and facilitate 
their testing on a uniform basis; 9 pages, 10 
cents. All three publications are available 
from the Superintendent of Documents, 
United States Government Printing Office, 
Washington 25, D. C, 


Atomic Energy and the Life Sciences, 
Outlines Atomic Energy Commission pro- 
gram in all phases of medicine and biology. 
The 203-page book is available at 45 cents 
from the Superintendent of Documents, 
United States Government Printing Office, 
Washington 25, D. C. 


Of Current Interest 


The Most Desirable Personal Characteris- 
tics. A survey of the opinions of executives 
and student engineers as to the personality 
traits desirable in engineering personnel. 
Priced at 25 cents, the 25-page booklet may 
be obtained from the Engineers’ Council for 
Professional Development, 33 West 39th 
Street, New York 18, N. Y. 


The V. I. Story, Varnished Insulations in 
Electrical Engineering, by D.O. Woodbury. 
Describes types and uses of varnished insula- 
tions. Priced at $1, the 88-page booklet is 
available from the National Electrical Manu- 
facturers Association, 155 East 44th Street, 
New York 17, N. Y. 


RCA Technical Papers (1948), Index, 
Volume II(c). Bibliography of papers on 
electronics and related fields presented in 
1948, the authors or coauthors of which were 
associated with the Radio Corporation of 
America, Available from the RCA Review, 
Radio Corporation of America, RCA Labora- 
tories Division, Princeton, N. J. 


Electric Power Supply, by T. H. Carr 
Consists of a series of articles originally pub- 
lished in the British Beama Journal under 
the title of ‘“‘Reliability of Supply in Electric 
Power Stations and Sub-stations.’”” 60 pages. 
Available for the equivalent of two shillings 
from The Cyril Williams Publicity Limited, 
69 Swan Arcade, Bradford, Yorkshire. 
England. 


Prospecting for Uranium. Tells where to 
look for the metal, and how to test for it, 
gives selling procedures, and deals with legal 
questions. 123 pages. Obtainable for 30 
cents from the Superintendent of Documents, 
United States Government Printing Office, 
Washington 25, D. C. 


Transactions of the Danish Academy of 
Technical Sciences, 1948, Number 3. 
Describes invesigations into stray currents in 
underground structures and experiments with 
cathodic protection of the heating pipe sys- 
tem of Copenhagen. 111 pages. For fur- 
ther information, write Johs. E. Bgrresen, 
The Copenhagen Lighting Department, 
Municipal Gas and Electricity Works, 
Copenhagen, Denmark. 


Some Performance Characteristics of Elec- 
trical Brushes, by E. E. Jones and M. S. 
Coover. Iowa Engineering Experiment Sta- 
tion Bulletin 162, Discusses tests on metal- 
graphite brushes made under conditions of 
low humidity and describes means for pro- 
ducing such conditions. 58pages. For fur- 
ther information, address The Iowa Engi- 
neering Experiment Station, Iowa State 
College, Ames, Iowa. 


Commutator and Slip Ring Maintenance. 
A handbook of methods and procedures 
which have been proved over many years in 
hundreds of operations. The 39-page book- 
let is available from Ideal Industries, Inc., 
Sycamore, II. 


The O. H. Hutchings Station of The Dayton 
Power and Light Company. Describes 
mechanical and electrical features of the sta- 
tion. Free on request from K. C. Long, 
President, The Dayton Power and Light 
Company, Dayton 1, Ohio. 
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AIEE Meetings. As this issue goes to 
press, the Summer General Meeting is in 
progress at Swampscott, Mass. A news 
report of the meeting and digests of most of 
the conference papers are scheduled for the 
August issue. Plans for the Pacific Gen- 
eral Meeting are nearing completion, and 
the tentative program is scheduled for the 
August issue (page 637). 


AIEE Conferences. The second AIEE 
Conference on Electrical Engineering 
Problems in the Rubber and Plastics 
Industries was held in Akron, Ohio, on April 
26, 1949. A news report (pages 632-3), 
and digests of most of the papers presented 
(pages 628-9) appear in this issue. Two 
conferences on the textile industry, and 
one on electric equipment for materials 
handling bridges were held during May 
1949. News reports as well as digests of the 
papers presented are scheduled for an early 
issue. 


AIEE Proceedings. The latest order form 
for AIEE Proceedings sections appears in this 
issue in the advertising section (pages 47A— 
48A). This current form lists technical 
program papers presented at the South 
West District Meeting held in Dallas, Tex., 
and the Summer General Meeting in 
Swampscott, Mass. Attention is called to 
the fact that only those order forms cur- 
rently listed in the AIEE Proceedings box 
elsewhere on this page now are being 
honored. Proceedings sections in older order 
forms than those listed are now out of 
stock, consequently orders for these sections 
cannot be filled. 


1949 Employment Programs. Engineer- 
ing graduates in 1949 can look forward to a 
median starting salary of from $250 to $290 
per month, according to results to date of a 
survey of industry and governmental 
agencies conducted by Engineers Joint 
Council (pages 565-8). 
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1949 AIEE Transactions. Advance orders 
for the 1949 bound volume of AIEE Trans- 
actions now are being accepted. Because of 
the large number of pages in this year’s 
volume, it will be issued in two parts as was 
the 1948 volume. AIEE members’ price 
for the volume is $5, and the price to non- 
members is $12 plus $1 for foreign postage. 
Discounts from the nonmember’s price may 
be allowed to college and public reference 
libraries (25 per cent), and to publishers 
and subscription agencies (15 per cent). 
Subscriptions from nonmembers are pay- 
able in advance. Orders should be sent to 
AIEE Order Department, 33 West 39th 
Street, New York 18, N. Y. 


Engineer in Industry. “Industry has a 
special responsibility in the professional 
development of the young engineer.”? The 
authors point out further that this re- 
sponsibility is embodied in two words, 


encouragement and recognition (pages 
D115). 
High-Voltage Cable Failures. ‘This ar- 


ticle is intended to be a picture of the frame- 
work upon which may be hung the prac- 
tical experience with insulation of high- 
voltage cables, as well as the basic theory.”’ 
Because of the complexity of the subject, a 
number of discussions are appended which 
bring out the various views of experts in the 


field (pages 605-13). 


Over-all Inspection Program. An over- 
all inspection program in use in the 
Western Electric coil shops is of interest be- 
cause the diversified nature of the product 
and the quantities involved are such that 
the inspection procedures cover virtually 
every kind normally used by manufacturers 
(pages 597-4). 


Safety in Electric Blankets. There are 
two hazards which can occur in an elec- 
trically heated blanket—electric shock, and 
overheating of the blanket. To offset 
these hazards, strict standards are set up by 
testing agencies such as the Underwriters’ 
Laboratories, Inc. The author developes 
the design considerations that are neces- 
sary to meet these standards and discusses 
the commercial products available today 
(pages 623-7). 


Multiplexing System. A time division 
multiplexing system which features pulse 
amplitude modulation with a filtering ar- 
rangement for minimizing the required 
transmission band width should be of inter- 
est to communications engineers (pages 
583-8). 


Modern Room Lighting. Room lighting 
today is undergoing rapid changes; some 
of these constitute welcome improvements, 
others violate fundamental principles and 
will pass out of use. To assess the modern 


AIEE Proceedings 


Order forms for current AIEE Proceedings 
have been published in Electrical Engineering 
as listed below. Each section of AIEE 
Proceedings contains the full, formal text of a 
technical program paper, including discus- 
sion, if any, as it will appear in the annual 
volume of AIEE Transactions. 

AIEE Proceedings are an interim member- 
ship service, issued in accordance with the 
revised publication policy that became effec- 
tive January 1947 (EE, Dec °46, pp 567-8; 
Jan °47, pp 82-3). They are available to 
AIEE Student Members, Associates, Mem- 
bers, and Fellows only. 

All technical papers issued as AIEE Pro- 
ceedings will appear in Electrical Engineering 
in abbreviated form. 


Location of 
Order Forms Meetings Covered 
Great Lakes District 
North Eastern District 
Summer General 


Aug °48, p 45A } 
1 Pacific General 


en Dao! Middle Eastern District 


Midwest General 
Southern District 
Winter General (1949) 
South West District 
Summer General 


Dec °48, p 35A 
Apr °49, p 25A 
Jul °49, p 47A 


trends in lighting, a lighting committee was 
formed at the Massachusetts Institute of 
Technology in 1946. Some of the con- 
clusions of that committee are presented as a 
guide to others interested in the problem of 
ideal illumination (pages 577-80). 


Saving Time in Testing Life. By using 
the statistics of median and shortest in life 
tests of incandescent lamps, it has been 
found that the time required to predict the 
performance of these tests is accelerated; 
and this method is just as applicable to 
many other products (pages 677-20). 


Electric Motive Power. With the advent 
of the self-propelled locomotive and the 
subsequent standardization of equipment 
parts, electric motive power “‘is leading the 
way toward improved railroad transporta- 
tion’’ (pages 597-603). 


Nomenclature for Sinusoids. Although 
the term “‘vector’’ is used to denote the 
directed lines used in the treatment of 
sinusoidal functions, it is known that these 
lines differ from vectors in certain impor- 
tant respects—another example of the tend- 
ency to discuss new ideas in terms of old 
terminology which may not exactly apply 
(pages 561-5). 


Correction. Apologies to Ward F. 
Davidson (F’26) who inadvertently was 
referred to as Ward F. Morehouse in last 
month’s news item reporting his delivery of 
the Supply Section Annual Lecture in 
London, England, on May 11 (EE, Jun’49, 
fp 557). A corrected item appears in this 
issue (pages 642-3). 
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THE WEDGES YOU NEED 
FROM THIS... 


Sciect the wood wedges you need in a jiffy 
with an Inmanco Wood Wedge sample card. 
Actual wood samples of the eight styles and 
48 sizes immediately available from stock, and 
a list of 250 other sizes and shapes, make order- 
ing easy. 


“Straight-grain hard 
maple makes it possible 
for Inmanco Wedges to be used 
for really tough applications— 
applications requiring a wedge 
that won’t splinter, sliver, or 
fracture under most assembly 
conditions.” 


ADRIAN, MICH. 
insulation and Wires Incorporated 


ATLANTA, GA. 

insulation and Wires incorporated 
BOSTON, MASS. 

Insutation and Wires Incorporated 
CHICAGO, ILL, 


Complete - Reading Electric Co., inc. 
insutation Manufacturers Corporation 


CLEVELAND, OHIO 
_ Insulation Manufacturers Corporation 


DAYTON, OHIO : 
tnsulation Manulacturers Corporation 


DETROIT, 
H.R. Brethen 


FRESNO, CALIF. 
Western Fiherglas Supply, 


HILLSIDE, N. J. 
Insulation and Wires incorporated 
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sulation Manufacture’ 


OBILE, ALA. _ 
RASenElectric Cone. *, 


YOURS FOR 
THE ASKING 


The savings in time and effort you gain by 
using this free sample card are carried right 
through to the assembly line . . . for Inmanco 
Hard Maple Wedges. are tough ... they with- 
stand rough assembly abuse, lower material 
breakage costs. And tumbling in paraffin gives 
them high moisture resistance . . . permits 
speedy insertion into slots. 

To get your free sample card or to obtain 
more information on Inmanco Wood Wedges, 
just send your name and address to one of the 


offices listed below. Do it today. 


Inmanco Hard Maple Wood Wedges are made exclusively by 
Insulation Manufacturers Corporation 


SACRAMENTO, CALIF. 
Western Fiberglas Supply, Ltd. 


ST. LOUIS, MO. 
insulation and Wires Incorporated 


c SAN FRANCISCO, CALIF. 
7 eg 5 —— gies Electrical Specialty Company 
gration insulation and Wires Incorporated 
ae “pau, Aoeventa, PA. Tri-State Supply Corporation 
: sulation and Wires Incorporated Western Fibergias Supply, Ltd. 


SEATTLE, WASH. 
Etectrical Specialty Company 
Tri- State Supply Corporation 
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substations give you... 


Improved appearance 


at no extra cost! 


Note the smooth, integrated appearance of get the effortless flow of line and power that 
1 * 

these aah General Electric Pyranol characterizes quality equipment for locations 

unit substations ... no more gawky, “old- ’ 

type” stovepipe connections between trans- where appearance is a requisite. All these 

former and switchgear . . . now you can features at the same price as previous units. 


Industrial installation of General Electric selected 


standard double-ended load-center unit substation * Be sure to see the ‘More Power to America”’ 
rated 1500 kva, 4160 volts, 208Y/120 volts. Unit has full-color sound slidefilm **Modern Industrial 
oil cutout in incoming line sections, Pyranol-filled Power Distribution.’ Ask your G-E sales 
transformers, and the new AK-1 drawout air circuit representative to arrange a showing for your 
breakers. organization. 


*Reg. U.S. Pat. Off. 
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CONTACTS 
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in BRUSHES 

for high current density ~ mini- 
mum wear © low contact drop _ 
jow electrical noise > self-lubri- 
cation 


in CONTACTS 


for low resistance” penewsding 
character 


GRAPHALLOY works where others won't! 
Specify GRAPHALLOY with confidence. 


_ *A special silver-impregnated graphite 
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h er electing - ae 


~ | product manager, Electrical Conductor, to 


New A. B. Chance Plant. Construction 
has been completed recently on a new 
switch and hot line tool factory building 
for the A. B. Chance Company, at Centra- 
lia, Mo. ‘The building’s 40,000 square feet 
of floor space houses a machine shop, kiln 
room, test enclosure, assembly and storage 
areas. 


| Menz Product Manager of Permanente 
| Plant. John E. Menz has been appointed 


direct the sale of Kaiser aluminum cable 
and other products produced at The Per- 
manente Metals Corporation’s new rod, 
| bar, wire and cable plant at Newark, Ohio. 


| 

| Copperweld Steel Appointments. Re- 
cent promotions announced by the Copper- 
weld Steel Company, Glassport, Pa., were 
those of William W. Ege, to the newly- 
created position of vice-president, sales; 
F. E. Leib, assistant to Mr. Ege; and P. 
A. Terrel, assistant vice-president. 


General Electric Appointments. W. F. 
Rauber has been named manager of sales 
| for the switchgear divisions, apparatus 
| department, General Electric Company, at 
Philadelphia, Pa., succeeding J. D. Hoff- 
man, who has been appointed sales man- 
ager for the comovany’s Air Conditioning 


| and Commercial Refrigeration Division of 


the Air Conditioning Devartment, Bloom- 
field, N. J. At General Electric’s Fitch- 
| burg, Mass., works, W. G. Arnold has been 
| appointed works manager, responsible for 
| all works services and allied functions for- 
merly assigned to the G-E Lynn River 
| Works Service Divisions. Also, Mr. 
| Arnold will continue to act in his present 


| Capacity as manager of manufacturing, 
| turbine, and welding, at the Fitchburg 
plant. 


| Westinghouse News. John E. Fox, for- 
| merly manager of industrial relations for 
the Westinghouse Lamp Division, Bloom- 
field, N. J., has been appointed staff assist- 
ant to Ralph C. Stuart, vice-president in 
charge of the division. In addition, Ed- 
ward L. Ogden has been named to the post 
| of supervisor of industrial relations in 
Bloomfield and Belleville, N. J. 


Motorola Research Lab. Motorola, Inc., 
| Chicago, Ill., has opened a new research 
laboratory in Phoenix, Ariz., which will 
be devoted exclusively to electronic re- 
| search in military fields, such as micro- 
| wave relay, radar, mobile communications, 
telemetering, multiplexing, selective switch- 
ing, supervisory control, and airplane 
design. Daniel E. Noble, 
director of research and vice-president in 
charge of the communications and elec- 
| tronics division of Motorola, will direct 
the laboratory, and Dr. Angus C. Tregidga 
| has been appointed chief engineer and 
| general manager. 


instrument 


| Cochrane Acquires Liquid Conditioning 
Corporation. The Cochrane Corporation, 
| Philadelphia, Pa., recently has acquired 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


INDUSTRIAL 


NOTES .... 


substantially all of the capital stock of the 
Liquid Conditioning Corporation, Linden, 
N. J. The latter will operate as a wholly 
owned subsidiary, producing a complete 
line of equipment for the conditioning 
of water and other liquids, marketed 
under the trade name, ‘‘Liquon.”’ S. B. 
Applebaum, one of the original organizers 
of the Liquid Conditioning Corporation, 
will be in charge of activities of both 
organizations. 


Television’s Future Optimistic. Accord- 
ing to a survey conducted by Sylvania 
Electric Products, Inc., one of the major 
manufacturers of television picture tubes, 
more than 1,580,000 television sets will be 
purchased during 1949, and as many as 
2,710,000 may be sold if present selling 
techniques improve. The number of 
prospective buyers, mostly families with an 
income of less than $100 a week, total 16,- 
600,000. According to the current survey, 
three out of four families in television 
areas have purchased, intend to purchase, 
or are at least favorable toward television. 
In 1945, less than half had a comparable 
interest. 


NEW PRODUCTS eee 


S & CSwitch Line Extended. The S & 
C Alduti Interrupter Switch line, formerly 
manufactured in 7,500- and 15,000-volt 
ratings has been extended to include 
23,000- and 34,500-volt ratings. ‘The new 
switches not only are projections from the 
lower voltage units, but contain new fea- 
tures as well: sectionalizing loaded sub- 
transmission circuits up to 600 amperes; 
switching 3-phase transformer banks up to 
15,000 -kva at 23,000 volts, and 20,000 
kva at 34,500 volts, either magnetizing 
or load currents; and switching capacitor 
banks. For additional information on the 
new line, write to the S @ C Company, 
4427 Ravenswood Avenue, Chicago 40, 
Ill. 


Clamp to Minimize Line Losses. The 
Porcelain Insulator Corporation, Lima, 
N. Y., has produced a new line of suspen- 
sion type clamps especially designed to 
minimize line-losses at clamping points. 
The ability of the clamp to reduce such 
losses is attributable to the correct com- 
bination of metals—clamp bodies of forged 
aluminum, cast aluminum-bronze, forged 
steel or malleable iron together with non- 
magnetic U-bolts, keeper and cotter bolt. 
Four different clamp line combinations are 
offered for use with conductors ranging 
from .12 inches to 2.25 inches in diameter. 
Further information is obtainable from the 
company. 


General Electric Developments. Gen- 
eral Electric standard totally enclosed, 
unit-cooled d-c motors in ratings up to 200 


(Continued on page 24A) 
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The American Gas & Electric Service Corporation's experimental high-voltage lines at the Tidd Power Plant of The Ohio Power Company. 


size conductors required for extra high 
voltage transmission. And they are steel 


HESE two test lines near Brilliant, 
Ohio, are designed to carry over 70% 


greater voltage than any transmitted to- throughout — from crosstie anchors to 

day. And for this historic project American ground wire peaks. 

Bridge Company furnished the suspension Whether your own project is large or 

towers, dead-end and angle towers, as well small, American Bridge has the men, ma- 

as the substation structures. terials and methods to assure you expert 
The towers are specially designed to sup- tower design, fabrication, and erection. 

port two ground wires, and three super- Just call our nearest contracting office. 


AMERICAN BRIDGE COMPANY 
General Offices: Frick Building, Pittsburgh, Pa. 


Contracting Officesin: Ambridge - Baltimore - Boston - Chicago + Cincinnati * Cleveland- * Denver 
Detroit - Duluth - Elmira - Gary - Minneapolis - New York: Philadelphia - Pittsburgh - Portland, Ore. 
St. Louis - San Francisco - Trenton 
United States Steel Export Company, New York 
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All These Were Once 


DUST COLLECTION PROBLEMS, TOO 


48 Carbon Black Plants 
203 Metallurgical Installations 
205 Acid Plants ¢ 40 Paper Mills 
270 Detarring Installations 
216 Power Stations 
73 Steel Plants ¢ 99 Oil Refineries 
and Miscellaneous Installations 


Your electrical precipitator installation will 


be individually engineered...and 
the Research Corporation’s experie 
ically shown by that towering pil 
sands of blue prints. 

This knowledge is a valuable 


will help Research engineers to ‘“‘tailor- 
make” your Cottrell installation. For ex- 
ample, they can more quickly determine the 
right answers to such variables as the size, 
shape and type of both discharge and col- 
lecting electrodes, their relative spacing, 
flue arrangements and many other factors. 


At Research you can count on 
solutions to individual problems. 


Research Corporation Cottrells can be 
made as efficient as you desire. They can col- 


lect 95% to over 99% of all solid 


particles suspended in gas entering equip- 
ment. Write for free booklet giving valu- 


able data. 
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Typical One Day Collections 


® 250 TONS OF FLY ASH 
© 5500 POUNDS OF CONCENTRATED 
SULPHURIC ACID 
® 6 TONS OF SODA SALTS 
AT PAPER MILL 
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RC-121 
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7,N. ¥. 122 S. Michigan Ave. Chicago 3, Ill. 
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insulating 
materials 


National Electric Coil Company engineers are constantly 
at work improving on old insulation formulae, developing 
new ones. The net result, to you, is that National insula- 
tion, properly applied, will always give you good, de- 
pendable service. 

You can count on Natienal for all your insulation needs 

. including special items to overcome specific adverse 
conditions. Prompt shipment, too. 

There's a National field engineer near you. It’s his busi- 


ness to help you get more from the insulation you use. 


NATIONAL FLECTRIC (OIL (COMPANY 


COLUMBUS 16, 


ELECTRICAL ENGINEERS MAKERS OF 
ELECTRICAL COILS AND INSULATION— 
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OHIO, U.S. A. 


REDESIGNING AND REPAIRING OF 
ROTATING ELECTRICAL MACHINES 
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horsepower are available with a new type 
cooling assembly which enables them to 
operate at slow speeds for long periods of 
time. Developed by the company’s large 
motor and generator division, the unit- 
cooled motors require no piping, duct- 
work, air filter, or pressurized air supply, 
and are specifically designed for operation 
in dirty or oil-laden atmospheres. Fur- 
ther information is available in bulletin 
GEA-4469A. Another development by the 
company is six new electrodes for the 
Inert-Arc process, one for machine welding, 
and five for manual welding. The manual 
holders are available in 100-, 200-, 400-, 
and 800-ampere ratings, and the holder for 
machine welding in ratings of 400 and 800 
amperes. Additional information con- 
cerning the electrode holders is contained 
in bulletin GEA-5746. Both bulletins 
mentioned are available from the General 
Electric Company, Schenectady 5, N. Y. 


Heavy Duty Discharge Capacitor. The 
Cornell-Dubilier Electric | Corporation, 
South Plainfield, N. J., has announced 
manufacture of a Type AVL 3204 heavy 
duty discharge type capacitor, with a 
capacity and voltage rating of 20,000 
microfarad, 150 working volts. Copper 
bus bars and heavy wire leads make it 
possible to discharge this capacitor through 
a very low value of resistance without 
damaging the unit. Individual capacitors 
are housed in hermetically sealed alumi- 
num containers, which are insulated from 
the outer housing. Further information 
is obtainable from the company. 


RoLene Pole and Bracket Cable. The 
Rome Cable Corporation, Rome, New 
York, has developed a new RoLene (Poly- 
ethylene) ornamental pole and_ bracket 
cable, designed for interior wiring of orna- 
mental poles, fed by underground cables, 
or for exterior wiring of pole type bracket 
fixtures. The cable is available in sizes 
of ten, eight, and six American wire gage. 
Its construction consists of two thermo- 
plastic insulated conductors laid parallel 
with a belt of polyethylene over all, and is 
unaffected by moisture, ozone, and weather 
elements. Additional information may 
be had by writing to the company. 


Miniature Induction Motor. Lear, In- 
corporated, has announced manufacture 
of a 0.3-pound miniature induction motor, 
incorporating either 4- or 6-pole, 2- 
phase 400-cycle current connections, de- 
signed specifically for servo applications. 
When used properly in null-seeking servo 
systems with conventional amplifier cir- 
cuits, a torque to inertia ratio of 50,000 
radians/seconds? can be obtained. Fur- 
ther details on the miniature motor can be 
obtained from Lear, Incorporated, 110 
Ionia Avenue, N. W., Grand Rapids 2, 
Mich. 


Packaged Nuclear Laboratories. In or- 
der to help new users of radioactivity 
techniques select suitable instruments for 
their use, Nuclear Instrument and Chemi- 
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VERTICAL AUTOGAP 
ARRESTER ON 
NO. 2337 CROSSARM 
MOUNTING BRACKET 


VERTICAL AUTOGAP 
ARRESTER ON 
NO. 2338 POLE 
MOUNTING BRACKET 


VERTICAL AUTOGAP 
ARRESTER ON 
NO. 2349 TRANS- 
FORMER BRACKET 


NEW! 


-BUT NOT UNTRIED 


Line Connection _, , 


Heavy Duty 
Porcelain ——-» 
Insulator 


Twin 
Exhaust: 

An Exclusive 
Autogap 
Feature 
Assuring 
Maximum Surge 
Capacity 


Air Gap to 
Isolate Line 
from Arrester 


Heavy Duty 
Porcelain Tube 


HUBBARD © 


VERTICAL 


AUTOGAP 


When the Hubbard Autogap was originally developed and 
placed on the market, it was designed for horizontal mount- 
ing due to mechanical requirements which seemed best 
solved by a horizontal installation. At the time, however, it 
was foreseen that a vertically mounted Autogap would be 
needed, and work was started on its development. 

All the operating advantages of the original Autogap are 
retained in this new vertical design. Construction is exactly 
the same in principle and all parts in the one design have a 
counterpart in the other. The only difference, other than the 
physical arrangement of parts, is that the process of ex- 
pulsion acts vertically instead of horizontally. 

Many hundreds of thousands of Autogapshave proventheir 
efficiency over a ten year period with no failures resulting 
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from operating conditions, excluding those few which have 
been put out of service by falling equipment. 


| :. 
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One Bracket furnished with each Autogap. 
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cal Corporation, 223 West Erie Street, 
Chicago 10, Ill., has produced two kinds of 
complete laboratory set-ups. Either one 
can be chosen to provide facilities for 
routine counting or research work, depend- 
ing on the type of operation which the user 
requires. Model L-765 is a basis group 
which includes a complete sealing unit, 
a thin mica and window Geiger tube, a tube 
mount, and the necessary connecting 
cables and sample dishes to permit radio- 
tracer research. Model L-763, the “‘Radio- 
isotope Analyst’ group, includes an auto- 
matic scaler, and Nuclear’s Q-Gas counter. 
The company will furnish any additional 
information desired. 


Klystron Power and Modulation Supply. 
The Polytechnic Research and Develop- 
ment Company has produced a new PRD 
type 807 Universal Klystron Power and 
Modulation Supply, which provides for 
continuous-wave, square-wave, saw-tooth, 
or external modulation of a wide variety 
of klystron oscillators. The regulated 
beam supply is continuously variable in 
two steps from —800 to —3600 direct volts, 
and offers a choice of operation of up to 
1,500 volts at 65 milliamperes, or up to 
3,600 volts at 25 milliamperes. Both 
coarse and fine controls are provided on 
the front panel for continuous adjustment 
of the repeller voltage over the range from 
—20 to —750 direct volts; additional con- 
trols provide for grid voltage adjustments 
and for variation of both amplitude and 
repetition rate of the modulation signal. 
Polytechnic Research and Development 
Company, Inc., 202 Tillary Street, Brook- 


the first line 


a 


lyn 1, N. Y., will furnish any further data 
which may be desired. 


Electrical Adhesive Tape. Bauer and 
Black has developed Polyken Number 
822, a plastic-backed electrical adhesive 
tape with a dielectric strength of over 
10,000 volts. Tensile strength is 22 
pounds per inch of width. Polyken is 
recommended for use in place of the com- 
bination of splicing tapes or compounds 
with friction tape. For additional infor- 
mation, write Polyken, Department F, 
222 West Adams Street, Chicago, Ill. 


Coaxial Switches. Designers for Industry 
Inc., 2915 Detroit Avenue, Cleveland 13, 
Ohio, has announced a new line of coaxial 
switches, with solenoid drive for remote 
control or with manual control for panel 
mounting. Single-pole switches are avail- 
able in 2-way, 3-way, 4-way, and 6-way 
for use with RG-8/U and RG-11/H cable 
and all models accept type V connectors. 
Standing wave ratio is less than 1.25 up to 
3,000 megacycles, with peaks of not more 


than 2.0 up to 10,000 megacycles. Full 
data is available upon request. 
Volt-Ohm-Mil-Ammeter. The Triplett 


Electrical Instrument Co., Bluffton, Ohio, 
has produced a new pocket-size volt-ohm- 
mil-ammeter, Model 666-R, with resistance 
ranges from 0-3,000 ohms to three megohms 
self-contained; ten alternating- and direct- 
volt ranges to 5,000, and three direct cur- 
rent ranges. All resistors, shunts, rectifier, 
and batteries are housed in a molded base 
integral with the switch. Information 
furnished from Triplett upon request. 


of Miche: 


electronic 
voltage 
regulators 


| O Ee Sorensen electronic voltage regulators offer 


as much as 0.1% 


regulation accuracy under 


SIMULTANEOUS line and load changes. 
SIX IMPORTANT SORENSEN FEATURES: 


Precise regulation accuracy; 
. Excellent wave form; 


. Fast recovery time; 
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. Output regulation over wide input voltage range; 


. Adjustable output voltage, that once set, remains constant; 
. Insensitivity to line frequency fluctuations between 50 and 60 cycles. 


The Sorensen Catalog contains complete specifi- 
cations on standard voltage regulators and noba- 
trons. It will be sent to you upon request. 


and company, inc. 
375 fairfield avenue, stamford, connecticut 
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TRADE LITERATURE 


Insulation Tester Selection. The James 
G. Biddle Company has released a new 
bulletin 27-05-7 “Selecting Megger Insu- 
lation Testers,” for the purpose of clari- 
fying the problem of choosing the proper 
range, voltage, and type of insulation 
tester needed. Ten different types of 
““Megger’’? instruments covering ranges 
from .01 ohm to 10,000 megohms, and 
their applications are discussed. Bulletin 
21-05-7 may be obtained by writing to 
James G. Biddle Company, 1316 Arch 
Street, Philadelphia, Pa. 


Subcontracting Facilities. The extensive 
subcontracting facilities available to indus- 
try through the Sunnyvale, Calif., plant 
of the Westinghouse Electric Corporation 
have been described in a recently issued 
booklet, to acquaint manufacturers with 
the availability of those facilities for their 
own use. Copies of the booklet B-4305, 
are obtainable from the Westinghouse Elec- 
tric Corporation, 410 Bush Street, San 
Francisco 8, Calif. 


Allis-Chalmers Bulletins. Data on various 
types of Allis-Chalmers indoor and outdoor 
current and potential transformers, and 
outdoor metering outfits, have been pub- 
lished by the company in a new 32-page 
bulletin, 67B7768. Another booklet avail- 
able is Bulletin 05B603 1B, which describes 
a-c high-speed coupled-type generators. 
Construction features of both the bracket 
and pedestal type bearing synchronous 
generators are given, along with a table 
of ratings of standard bracket bearing 
generators. Both bulletins are available 
from Allis-Chalmers Manufacturing Com- 
pany, 931 South 70th Street, Milwaukee, 
Wis. 


Resistor Data. The International Re- 
sistance Company, 401 North Broad Street, 
Philadelphia 8, Pa., has issued a catalog 
data bulletin on the type BW insulated 
wire wound one half-, one-, and two-watt 
resistors. Catalog Bulletin B-5 is available 
upon request. 


Insulator and Suspension Hardware 
Handylog. Locke, Incorporated has is- 
sued a 32-page catalog which contains 
95 per cent of all power insulator and sus- 
pension hardware needs for power trans- 
mission, distribution lines and stations. 
Write for the “Locke RM Handylog”’ 
to Locke, Incorporated, P. O. Box 57, 
Baltimore, Md. 


Asbestos and Wire Cord Catalog. The 
Radix Wire Company, 2800 East 55th 
Street, Cleveland 4, Ohio, has published 
a 36-page catalog on asbestos flexible cords 
and fixture wires, giving technical, appli- 
cation, and installation information. Cop- 
ies are obtainable from the company. 


Electric Heating Catalog. The Industrial 
Engineering and Equipment Company 
has published a new and revised catalog 


(Continued on page 38A) 
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ARBERTON DIVISION - BARBERTON. C8! 


To conduct 110 kv through part of the city of Atlanta, 
Georgia, where right-of-way for high voltage overhead 
transmission would be impossible, an Oilostatic high- 

pressure pipe-type cable system is employed for the 
4.8-mile circuit. 

Special O-B Terminal Potheads are required for the cable 
which operates under a constant 200-pound oil pressure. These 

potheads must add to their normal function of a 110-kv bushing the 
ability to resist this high oil pressure on the porcelain parts and 
joints. This calls for skillful engineering, plus O-B’s ability to master 
difficult special applications of porcelain insulation. 

The Okonite Company, manufacturers of Oilostatic cable, points to 
some interesting features of this installation at the Georgia Power 
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4 GEN Company: “Circuit rating 75,000 kva at 393 amperes. Insulation 
EI NU thickness, 0.465-inch. Conductor size, 350,000 cir mils. Three 


.conductors in a single pipe, 5;°s-inch diameter”’.... 
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on electric heating elements and equip- 
ment. Application, selection, and techni- 
cal data is given on strip and flat type 
heaters; cartridge and immersion heaters, 
hot plates, air heaters, and thermostat and 
control equipment. Copies may be ob- 
tained by writing to the Industrial Engi- 
neering and Equipment Company, 711 
South Theresa Avenue, St. Louis, Mo. 


32 Carrier Telephone System Bulletin. 
Lenkurt Electric Company, San Carlos 
Calif., has recently issued bulletin 624A, 
on the 32-carrier telephone system. ‘The 
bulletin contains 23 illustrations, with full 
specifications, application, line information, 


and general transmission data. Copies 
are available from the company. 
Varnish Insulation Application. Bulletin 


2263, published by the Power Piping Divi- 
sion of Blaw-Knox Company, describes 
mechanized high-speed production lines 
now available for the application of insulat- 
ing varnish for impregnating and coating 
armatures, stators, and other electro- 
magnetic windings. The process is based 
on United States Patent 2,417,538, awarded 
to the Sterling Varnish Company, for whom 
Blaw-Knox has developed the Zanderoll 
process and equipment. Copies of the 
booklet are available upon request from 
the Power Piping Division of Blaw-Knox 


Company, 1525 Pennsylvania Avenue, 
Pittsburgh 12, Pa. 


Phase Meter. The Technology Instru- 
ment Corporation, 1058 Main Street, 
Waltham, 54, Mass., has developed a new 
type 320-A phase meter which makes possi- 
ble the measurement of the phase difference 
between two voltages at audio and super- 
sonic frequencies essentially independent 
of voltage amplitude, frequency, and wave 
shape. This new meter has been fully 
described and discussed in a _ bulletin, 
“Tentative Specifications for Type 320-A 
Phase Meter,’’ which is available from the 
company upon request. 


Arma Publications. Arma Corporation, 
manufacturers of electrical precision instru- 
ments, has released four publications: 
*“Arma Synchro Units,’ ““Arma Alternat- 
ing Voltage Comparator,’ “Arma Elec- 
trical Resolvers,’? and ‘‘Arma Induction 
Motors and Generators.” All booklets 
contain outline drawings, and complete 
specifications of the instruments described. 
Copies of the booklets may be obtained by 
writing to the Arma Corporation, 254 36th 
Street, Brooklyn 32, N. Y. 


Electronic Alloys. The International 
Nickel Company, Inc., 67 Wall Street, 
New York 5, N. Y., has issued a 26-page 
booklet describing the electrical and 
electronic properties of 18 high nickel 


alloys. Copies may be obtained upon re- 
quest from the company. 


Two New Beam Pentodes. The Hytron 
Radio and Electronics Corporation has 
developed two new horizontal deflection 
beam pentode amplifier tubes types 
6BQ6GT and 25BQ6GT, designed at a 
lower cost for use in television receivers. 
The tube ratings are given in Bulletin 
E-140, published by the company, available 
on request from the Commercial Engineer- 
ing Department, Hytron Radio and Elec- 
tronics Corporation, Salem, Mass. 


Capacitor Selection. Cornell-Dubilier has 
recently issued a new catalog that simpli- 
fies the selection of capacitors made in 
accordance with the joint army-navy 
specifications JAN-C-25. Every capacitor 
in every style listed in the JAN specifica- 
tions is included, together with its essential 
specification data. Copies may be ob- 
tained by writing to Cornell-Dubilier Elec- 
tric Corporation, South Plainfield, N. J. 


RCA Releases. The tube department of 
the Radio Corporation of America, Har- 
rison, N. J., has issued data sheets on their 
new 8/7-A power triode, (an improved 
version of the 877), which has greater 
dissipation capability, a low radio fre- 
quency loss, and a strengthened top cap 
assembly; and on the RCA-203Ti filament 
transformer, intended for operating the 
filament of power tube type-RCA-5777. 
Both releases available from the company. 
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Representative Prices—3-Inch Panel Style 
Model 321-T D.C. Microammeters 
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Presidents’ Messages. Everett S. Lee, 
AIEE President for 1948-49, selects ““Open 
Doors”’ as the title of his Summer Meeting 
address which constitutes his farewell 
message as President of the Institute. 
He points out that it is the engineer who 
opens the doors to new accomplishments, 
to new advances, to new products, and 
that the opening of such doors is the 
engineer’s contribution to the progress of 
the world (gages 692 ana 694). Incoming 
President for 1949-50, James F. Fairman, 
discusses the problem of ‘Engineering 
Organization,” and pledges his continued 
support in behalf of some scheme for 
greater unity of action on matters of com- 
mon interest to engineers (page 693). 


Pacific General Meeting. With the 
Fairmont Hotel in San Francisco, Calif., 
as headquarters, the AIEE Pacific General 
Meeting will be held August 23-26. 
Inspection trips will include the Uni- 
versity of California Radiation Laboratory, 
Station P and Mission Substation of the 
Pacific Gas and Electric Company, and 
the United States Naval Shipyard at 
Hunters Point (pages 695, 697-8). A com- 
plete program is included (pages 696-7). 


Summer General Meeting. Attracting a 
record attendance of 1,650, the 65th AIEE 
Summer General Meeting was held at the 
New Ocean House, Swampscott, Mass., 
June 20-24. Of special interest were the 
two Conferences of Section Delegates, the 
first of which was divided into two parts: 
Section Publicity, and Institute Policy 
(pages 698-703). The 30 technical sessions 
held during the meeting covered a wide 
range of topics, with sessions on power, 
industry, communications and _ science, 
and general applications (pages 703-04). 
Brief authors’ digests of most of the con- 
ference papers presented at the meeting 
are included in this issue (pages 679-97). 
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Board of Directors’ Report. ‘The Report 
of the AIEE Board of Directors for the 
fiscal year ending April 30, 1949, is pre- 
sented in full in this issue. It includes a 
brief summary of the principal activities of 
the Institute during the year, as well as 
financial statements showing the financial 
condition of the Institute at the end of the 
fiscal year, cash receipts and disbursements, 
and a schedule of securities owned (pages 
718-43), 


Membership Growth. This month’s 
membership listing records more than 
2,200 applications for election to AIEE 
membership (pages 709-17). Most of 
these are from young newly-graduated 
engineers seeking to transfer from Student 
membership to full Associate status— 
youth which the Institute welcomes in its 


program of vigorous and _ progressive 
leadership in the field of electrical en- 
gineering. 


Lamme Medalist for 1948. The Lamme 
Medal for 1948 was presented during the 
recent Summer General Meeting to 
Vladimir K. Zworykin of the Radio 
Corporation of America. Full texts of the 
addresses at the presentation ceremony 
are given in this issue. ‘These include the 
history of the Lamme Medal, an account 
of this year’s medalist’s career, and Dr. 
Zworykin’s response, ‘The Engineer’s 
Role in the Progress of Science’’ (pages 
668-72). 


Frequency Band Designations. A chart 
prepared through the efforts of the AIEE 


Joint Technical Committee on Standard 


Frequency Bands and Designations pro- 
poses the use of band designation numbers 
to indicate frequency ranges over the 
whole useful range of frequencies which 
occur in nature, thus giving a single co- 
ordinated system (page 672). 


Registered Professional Engineers. 
“Registered professional engineers are 
engineers granted by one or more states 
the rights and privileges of practicing 
professional engineering.’ Presented pri- 
marily for the young engineer or engineer- 
to-be, this article reviews registration laws 
and requirements (pages 659-62). 


Testing Small Motors. An automatic 
test board has been developed which 
provides a reliable, efficient, and eco- 
nomical method of testing small mass- 
produced induction motors. Such a board 
is now in use at the Century Electric 
Company in St. Louis, Mo. (pages 655-8). 


Power Electronics in Education. The use 
of power electronics as an educational 
medium has not been fully exploited by 


AIEE Proceedings 


Order forms for current AIEE Proceedings 
have been published in Electrical Engineering 
as listed below. Each section of AIEE 
Proceedings contains the full, formal text of a 
technical program paper, including discus- 
sion, if any, as it will appear in the annual 
volume of AIEE Transactions. 

AIEE Proceedings are an interim member- 
ship service, issued in accordance with the 
revised publication policy that became effec- 
tive January 1947 (EE, Dec °46, pp 567-8; 
Jan °47, pp 82-3). They are available to 
AIEE Student members, Associates, Mem- 
bers, and Fellows only. 

All technical papers issued as AIEE Pro- 
ceedings will appear in Electrical Engineering 
in abbreviated form. 


Location of 
Order Forms Meetings Covered 
Great Lakes District 
North Eastern District 
Summer General 
Pacific General 
Middle Eastern District 
Midwest General 
Southern District 
Winter General (1949) 
South West District 
Summer General 


Aug 748, p 45A 


Oct ’48, p 43A 


Dec °48, p 35A 
Apr 749, p 25A 
Jul °49, p 47A 


teachers of engineering although the field 
offers a great many examples and illustra- 
tions which can be used in presenting 
fundamental theory—and the proper choice 
of illustrations when teaching such theory 
well can determine whether a course will 
be stimulating or dull (pages 647-9). 


The Amplistat. ‘‘The amplistat is a 
magnetic amplifier using one or more 
saturable core reactors in such a way as 
to secure exceptionally high gain.”” With 
advantages of long life, no starting delay, 
no moving parts, and sturdy and quiet 
operation, its uses are similar to those of 
thyratrons, amplidynes, and some vacuum 
tubes (pages 663-7). 


Electrolytic Zinc Plant. In 1941 and 
1942, the American Smelting and Refining 
Company built an electrolytic zinc plant 
at Corpus Christi, Tex., to produce high- 
grade metallic zinc. The plant is divided 
into eight parts: concentrates storage, 
roasting, acid, leaching, purification, elec- 
trolysis, melting and casting, and power 


(pages 673-6). 


High-Voltafie Transmission. In six 
years, northern California power engineers 
plan to construct 1,400 miles of 230-kv 
lines. Coupled with the addition of 
1,300,000 kw of generating capacity, this 
will provide improved service, and will 
allow the interchange of power between 
hydroelectric and steam generating plants 
(pages 650-5). 
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SURE, you have to put on the heat 
for greater productivity with today’s 
more competitive market. 


But, you don’t have to work harder 
to turn out more goods—not when you 
let Dieflex Varnished Tubing Products 
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The secret lies in easier handling, greater 
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ticular application. 
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(Boric Acid—Heavy Duty) 
RATINGS 
Volts: 7500 to 34,500 


Amperes: 2 to 800E 


SMD-2 POWER FUSE 
(Boric Acid-Heavy Duty-Drop-Out) 
RATINGS | 
Volts: 34,500 to 138,000 
Amperes: 1 to 300E 
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HSO POWER FUSE 
(Boric Acid— Drop-Out) 
RATINGS 
Volts: 7500 to 69,000 
Amperes: 1 to 200E 
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SILICONES 


Silicone Insulation Gives 
Rapidly Reversing Motor 
10 Times Normal Life 


That’s significant news to designers of 
machine tools. Evenmore significant per- 
haps to electrical engineers is the further 
confirmation of our laboratory and 
motor test results. These tests indicated 
that Silicone Insulation has 10 times 
the life and 10 times the wet insulation 
resistance of Class ‘B’ insulation under 
comparable conditions. 


CWS 


PHOTO COURTESY COGSDILL TWIST DRILL COMPANY 


Improved drill grinder depends upon DC Silicone 
tnsulation for long trouble-free operation. 


Engineers at Cogsdill Twist Drill Com- 
pany of Detroit developed a unique 
machine for grinding drills. Instead of 
reversing the carriage by a conven- 
tional cam or crank, they use a 1 h.p., 
1200 r.p.m. motor to reverse the car- 
riage drive 50-60 times per minute. 


In this service, Class ‘A’ insulated 
motors lasted 3 to 4 days; Class ‘B’ 
insulated motors lasted 3 to 5 weeks. 
After repeated failures, the reversing 
motors were rewound with DC Silicone 
Insulation by the A. H. Nimmo Electric 
Company of Detroit. 


The motor bearings were packed with 
DC 44 Silicone Grease and the frame 
was painted with DC Silicone enamel. 
The motors have now been in service 
over 10 months and show no sign: of 
failure. A hazardous smoke problem 
caused by the burning of conventional 
finishes also has been eliminated. 


This is a typical example of how Dow 
Corning Silicone Insulation increases 
the life and reliability of hard working 
motors. Specifications for rewinding 
ac motors are given in sheet G6A8. 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 

Atlanta e Chicago @ Cleveland e 
Los Angeles ¢ New York 


Dallas 


In Canada: Fiberglas Canada, Ltd., Toronto 
In England: Albright and Wilson, Ltd., London 
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INDUSTRIAL 


I.G.E. Appointments. The International 
General Electric Company has made the 
following appointments: Bruce M. Rob- 
ertson has been elected Treasurer; Felix 
Dayton has been made assistant on cor- 
porate affairs of the company’s Executive 
Department; Henry C. Maher has been 
appointed administrative assistant; Law- 
rence Wenz has been made Assistant 
Treasurer of the company; Karl Philippi 
has been made Manager of the Electronics 
and Merchandise Division; and Edward 
H. Sheahan, commercial Vice-President 
of International General Electric, has been 
appointed Manager of the newly consoli- 
dated Apparatus Division. The three 
main sections of the Apparatus Division— 
the Schnectady Section, Domestic Sales 
Section, and the Foreign Sales Section, 
now operate under the direction of Mr. 
Sheahan. 


New A. B. Chance Representatives. 
The A. B. Chance Company, Centralia, 
Mo., has appointed Fred. B. Woods as 
sales representative in the southeast, to 
work with W. A. Moss, Sales Manager of 
that division, and E. J. Higgins, sales 
engineer, will work with C. T. Nevins, 
the company’s Eastern Division Sales 
Manager. 


General Cable Opens New Branch Office. 
The General Cable Corporation, with 
headquarters in New York City, has opened 
a new branch office at 60 Park Place, New- 
ark 2, N. J. The staff includes C. M. 
Sherwood, Manager, W. T. Wessels, sales 
engineer, C. E. Thomas, John Cheetham, 
and Piet Pieters, salesman. 


Westinghouse News. At the Westing- 
house Electric Corporation’s Atomic Power 
Division, Neil D. Cole has been appointed 
Contract Supervisor; Charles J. Gerhart 
has been named Security Officer; Charles 
F. Stewart has been made Industrial Rela- 
tions Supervisor; and C. H. Doran has been 
appointed Supervisor of Receiving, Store, 
and Shipping. At the company’s Appli- 
ance Division plant in East Springfield, 
Mass., Milton Kalischer has been named 
Manager of the Engineering Department, 
and Graham S. McCloy has been appointed 
to succeed Mr. Kalischer, as Manager of 
the Engineering Department’s Technical 
Development Section. 


C. A. Staub Treasurer of Cornell- 
Dubilier. C. A. Staub, formerly Assistant 
Secretary and Comptroller of Radiart 
Corporation, Cleveland, Ohio, which is 
now a subsidiary of Cornell-Dubilier, has 
been appointed Treasurer of the Cornell- 
Dubilier Electric Corporation, at South 
Plainfield, N. J. 


General Electric Appointment. Charles 
G. Roberts has been named Television 
Equipment Product Manager for General 
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Electric’s Transmitter Division at Elec- 
tronics Park, Syracuse, N. Y. 


Tin Research Institute Formed. John 
Ireland, director, Tin Research Institute, 
London, England, has announced the 
formation of an American corporation, 
Tin Research Institute, Inc., which will 
provide free technical service to consumers 
of tin in the United States. The office of 
the new corporation, at 492 West Sixth 
Avenue, Columbus 1, Ohio, will handle 
all requests for technical service, while a 
sponsorship will be maintained at Battelle 
Memorial Institute to handle new re- 
searches. Robert J. Nekervis, appointed 
Supervisor of Metallurgical Development, 
and Robert M. MacIntosh, named Super- 
visor of Chemical Development, have both 
been associated with Battelle Memorial 
Institute for the past eight years. 


American Steel and Wire Company 
Appointments. Harry H. Lumley, for- 
merly Chicago District Manager of opera- 
tions for the American Steel and Wire Com- 
pany, a subsidiary of United States Steel, 
has been appointed assistant to the Vice- 
President of Operations. John R. Gaut 
will succeed Mr. Lumley in his former 
position. 


Sylvania Forms Canadian Subsidiary. 
Sylvania Electric Products, Inc., has formed 
a Canadian subsidiary, to manufacture 
fluorescent lamps and other lighting 
equipment. The new company, known 
as Sylvania Electric (Canada) Ltd., has 
leased a plant from the city of Drummond- 
ville in the Province of Quebec. F. J. 
Healy has become President of the new 
company; R. H. Bishop, Vice-President; 
William O’Keefe, Secretary; and M. F. 
Balcom, Treasurer. 


Dr. Benedict Joins Stanford Research 
Staff. Dr. Donald L. Benedict, formerly 
a research fellow in electronics at Harvard 
University’s Department of Engineering 
Science and Applied Physics, has been 
appointed Assistant Chairman of the 
Department of Electrical Engineering of 
Stanford Research Institute, Stanford, 
Calif. 


Capehart-Farnsworth Elections. Cape- 
hart-Farnsworth Corporation, newly 
formed subsidiary of the International 
Telephone and Telegraph Corporation, 
recently elected Ellery W. Stone as Presi- 
dent, David R. Hull, Executive Vice- 
President; Philo T. Farnsworth, Henry 
C. Roemer, and William Clausen, Vice- 
Presidents; P. H. Hartmann, Treasurer, 
W. F. Hoeppner, Comptroller; Chester 
H. Wiggin, Secretary and Assistant Treas- 


urer; Dudley M. Day, and C. Douglas 
Webb, Assistant Secretaries; John J. 
(Continued on page 20A) 


Avucust 1949 


Questiorn-e 


WHICH WOULD YOU RATHER WORK W177 ? 


The Form-Set strand on the left—with every wire 
smoothly in place? Or the strand at the right, whose 
wires spray out in every direction when the seizing is 
removed? 

The answer, at least in part, can be gained from 
the pictures. Bethlehem’s Form-Set strand is pre- 
formed; that is, each individual wire is preshaped 
before being laid together with its neighbors. The 
wires have no tense, inner urge to spring apart. 
Hence, when cut, the strand doesn’t ‘‘unravel’’; it 
keeps its original shape and compactness, even 
without seizing. 

This means easier handling, faster work in the 
field. It means Form-Set is easier to insert in fittings. 
Linemen vouch for this preformed strand, because 
it enables them to work more swiitly and surely. 


Something the pictures don’t show is the low cost 
of Form-Set. The slight extra charge for preforming 
is so small as to be negligible. Its added advantages, 
therefore, cost you almost nothing. 

All Form-Set strand has the ductile bethanized coat- 
ing—a guardian zinc armor applied by Bethlehem’s 
exclusive process. It is available in A, B, and C 
weights to meet atmospheric conditions in any given 
area. Ask a Bethlehem man for full details. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA, 
On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation 


Export Distributor: Bethlehem Steel Export Corporation 


Bethlehem 4/OKMSE7 Strand 


AucustT 1949 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 19A 
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"The idea of the skyscraper is to best 
utilize extremely valuable land space. 
The large PECo battery chargers are 
built on the skyscraper principle—com- 
pact and upright—to save you increas- 
ingly valuable floor space. Actually, they 
occupy less than 1 sq. ft. per KW... No 
special foundations are necessary .. . 
Capacities can be increased by opera- 
tion of two or more chargers in parallel 
..- All control sections are readily acces- 
sible. Rectifier assemblies are on remov- 
able trays to facilitate inspection or 
service ... Fully automatic; electronically 
or magnetically controlled and regulated; 
accurate floating voltage con- 
trol within +1% ... Complete 
range of sizes up to 10 KW 
...Write for all the facts. 


55 ANTOINETTE STREET DETROIT 2, MICHIGAN 
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Brosnan and Edmond H. Dufau, Assistant 
Treasurers; and Roy H. Workman, Assist- 
ant Comptroller. Edwin A. Nicholas, 
former President of Farnsworth Television 
and Radio Corporation, will act as assistant 
to the President. 


Joy Manufacturing Company Acquires 
Mines Equipment Stock. The Joy Manu- 
facturing Company, Pittsburgh, Pa., has 
acquired all of the capital stock of Mines 
Equipment Company, manufacturers of 
mines and factory power distribution 
systems, located in St. Louis, Mo. 


NEW PRODUCTS ee 


Sweep Signal Generator. The Triplett 
Electrical Instrument Company, Bluffton, 
Ohio, has produced a new line of television- 
frequency modulation sweep generators. 
Model 3435 provides continuous range 
coverage to 240 megacycles for all tele- 
vision carrier and intermediate frequencies, 
continuously variable sweep width, effec- 
tive from 500 kilocycles to 12 megacycles, 
with off position, and a standby switch for 
temporary silencing of the generator during 
other work on equipment under test. 
For additional information, write to the 
company. 


600-Volt Current Transformer. Allis- 
Chalmers has introduced a new 600-volt 
current transformer, type ALW, made 
with single primary and single secondary 
with accuracy suitable for one or two watt 
hour meters. One high voltage terminal 
pad has provision for potential connection 
to meters. The transformer is available in 
200, 400, and 600 ampere ratings with 
the 400 ampere rating conservatively de- 
signed to operate continuously at 150 per 
cent rated current and the 200 and 600 
ampere ratings for continuous service at 
200 per cent rated capacity. Further 
information may be obtained from the 
Allis-Chalmers Manufacturing Company, 
931 South 70th Street, Milwaukee, Wis. 


Portable Voltage Regulating Instrument. 
The Acme Electric Corporation, Cuba, 
N. Y., has developed a new low priced 
Voltrol, intended for use in testing elec- 
trical and electronic components and 
finished products on voltage ranges be- 
tween 70 and 130 volts. Basically a 
specially constructed transformer, the 
Voltrol regulation is accurate to 4/10 volt 
adjustment, and the output voltage is 
practically independent of the load. 
Further information is available from the 
company. 


Transmitter Mica Capacitors With Uni- 
versal Mounting. The Cornell-Dubilier 
Electric Corporation, South Plainfield, 
N. J., is now manufacturing a new line of 
transmitter mica capacitors with universal 
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A major new source of Cable... 


—;, : 


RIGHT NOW, Kaiser Aluminum Cable and ACSR is being which has an annual capacity of more than 100 million 


delivered to public and private power enterprises —serving 
industry and farms—from coast to coast. Produced at Per- 
manente Metals’ strategically located Newark, Ohio plant— 


pounds—this top-quality electrical conductor is available 
to you in a complete range of standard sizes and standard 
strandings. 


brings more power to America! 


ee 
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we 


Mamet sii: 


KAISER ALUMINUM CABLE is tested by the most mod- 
ern equipment in the country, including a new 100,000 
pound, 50-foot tensile machine designed and built especially 
for Permanente Metals. Thus you are assured unsurpassed 


quality, at competitive prices. To take advantage of some 
early delivery schedules which are still open, act now. In- 
quire at any Permanente Products’ sales office—in major 
cities from coast to coast. 


Permanente Metals Completely Controlled for Quality 


Permanente Metals’ integrated operation 
completely controls the quality of Kaiser 
Aluminum Cable—from the processing of 
bauxite to finished cable. 

Such quality control... plus a record for 
service that is unsurpassed ... explains why 
thousands of manufacturers in many fields 
consistently use Kaiser Aluminum. 


PRODUCER OF 


Kaiser 


SOLD BY PERMANENTE PRODUCTS COMPANY, KAISER BLDG., OAKLAND 12, CALIFORNIA ... WITH OFFICES IN: 


Atlanta * Boston * Chicago * Cincinnati * Cleveland * Dallas * Denver * Detroit » Houston * Indianapolis * Kansas City * Los Angeles 
Milwaukee * Minneapolis * New York * Oakland - Philadelphia * Portland, Ore. * Seattle * Spokane * St.Louis * Wichita 


Also available through General Electric Supply Corporation, Westinghouse Electric Supply Company, and Line Material Company. 
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OUTDOOR BUS INSTALLATION is exposed to 
extreme temperature, sunlight, moisture 
and corrosive gases. Yet the insulating 


material, “SCOTCH” No. 33 Electrical 
Tape, on the bars and leads is unaffected. 


Get two-way protection 
with this NEW tape 


The tough plastic backing on 
“SCOTCH” No. 33 Electrical 
Tape gives a high dielectric 
strength plus sturdy resistance 
to weathering and corrosion— 
making an efficient insulation 
for practically every type of 
electrical job. 


Give this remarkable NEW 
“SCOTCH” Electrical Tape a 
try. You'll find it’s easier to 
apply than other materials— 
gives you a neater, more com- 
pact job. Write Dept. EE-8 
for complete information and 
a free sample. 


Quick facts about “SCOTCH” No. 33 Electrical Tape 


@ HIGH DIELECTRIC STRENGTH— insulates perfectly against charges of 


over 7,000 volts. 


@ TOUGH—plastic backing resists abrasion, water, acids, alkalies, 


alcohols. 


@ THIN CALIPER—only .007” thick, requires less room in all insulation 
work. 
@ STRETCHY—conforms snugly to uneven surfaces, irregular shapes. 


® Carries the seal of Underwriters’ Laboratories. 


Standard roll 44 in. wide and 66 ft. long. Each roll individually 


packed in a handy tin. 


Resists ater Oib, 


ANOTHER 


REG. U.S. PAT. OFF 


OTCH 


BRAND 


Made in U. S. A. by 


MINNESOTA MINING & MEG. CO... scint pout 6, Minnesota 


General Export: DUREX ABRASIVES CORP., New Rochelle, N. Y. 
In Canada: CANADIAN DUREX ABRASIVES LTD., Brantford, Ontario 
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mounting, the Faradon NF series, intended 
for use in low power transmitters for plate 
or grid coupling, filament, and plate by- 
pass applications. Dimensions of these 
capacitors are 11°/;5 by 9/16 by 17/15 inches 
over all. Rating range is from .00005 micro- 
farads with 2,500 d-c working volts to 
.03 microfarads with 600 d-c working volts. 
The new line also offers JAN-C-5 quality, 
plus a hermetic seal in a molded low loss 
phenolic case. Additional information is 
available from the company. 


GE Tube for Carried Current Applica- 
tion. A new tube, the GL-5824, developed 
by the Tube Divisions of the General Elec- 
tric Company, has been designed to provide 
high power output at low plate and screen 
voltages in applications requiring long life 
and reliability. Physically and electrically 
it is interchangeable with the 25B6G; 
improvements in the new tube over the 
25B6G include pre-aging for 50 hours to 
eliminate early operation failures, and 
improved series filament operation. The 
power amplifier pentode has plate dissipa- 
tion of 12.5 watts with plate voltage at 
200 volts. Heater voltage is 25 volts at 
0.3 ampere. For additional information 
concerning the GL-5824, write to the 
General Electric Company, Electronics 
Park, Syracuse, N. Y. 


General Purpose Relay. Specifically de- 
signed for a variety of applications, the new 
relay produced by Advance Electric and 
Relay Company, has six contact combina- 
tions available up to double pole, double 
throw, contacts on standard units 1/,-inch 
diameter, pure silver, rated 115 volts 
alternating current or 24 volts direct 
current, non inductive. The relay is 
available for any operating voltage up to 
300 direct current or 440 alternating 
current. Supplementary information is 
obtainable from the company at 1260 
West 2nd Street, Los Angeles 26, Calif. 


Low Price Transformers. The Audio 
Development Company, 2833 13th Avenue 
South, Minneapolis, Minn., has produced 
a new low price line of transformers, des- 
ignated the Yeoman line, which incor- 
porate the high standards of performance 
of the company’s Quality Plus transformer 
series. The new line includes impedance 
matching, input, output, and power trans- 
formers in models for all applications. 
Additional information is found in the new 
Audio Development Company catalog, 
obtained upon request from the company. 


TRADE LITERATURE 


Oil Circuit Breaker Bulletin. The Pacific 
Electric Manufacturing Corporation, 5815 
Third Street, San Francisco 24, Calif., 
has issued a new catalog on their type 
RWE oil circuit breaker, which has been 
designed for high-speed opening and 
reclosure of high-voltage transmission lines. 
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OIL CIRCUIT BREAKERS 


for Outdoor High-Voltage Stations .. . 


Type JCE 
14.4 kv, 600 amp, 100 int. 
mva; also 14.4 kv, 600 and 
1200 amp, 250 int. mva; 
and 23 ky, 600 amp, 250 
int. mva, 8-cycle trip. 


Type AKE 
7.2 kv, 600 amp, 50 
int. mva, 8-cycle trip. 


Type JWE “ 
115 kv, 800 amp, 1500 int. 


mya, 5-cycle trip. Pacific : re) erating 
aed design Se spring Stored eae eing times, Te 
-Compres°”". sentical opening 
5 assure }aen . 
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Type JE-42 
69 kv, 600 amp, 1000 int. 
mva; 1200 amp, 1500 and 
2500 int. mva, 8-cycle 
trip. 


yee JE 

23 kv, 1200 amp; 34.5 ky, 600 amp, both 500 
int. mva; and 34.5 ky, 1200 amp, 1000 inf. 
mva; also 46 kv, 600 amp, 500 int. mva, and 
1200 amp, 1500 int. mva, 8-cycle trip. 


Type RWE 
115 kv, 138 kv, and 161 kv, 1200 amp, 
3500 int. mva, 5-cycle trip. 


ayPe RHE 
Is similar, for 138 to 230 kv, 800 amp, > 
5000 int. mva; or 1200 amp, 7500 or : AILEE and NEMA Standards 


10,000 int. mva, 3-cycle trip. f 


| et All Facts -: 
PACIFIC ELECTRIC MFG. CORPORATION 


5815 THIRD STREET, SAN FRANCISCO 24, CALIFORNIA «+ P. O. BOX 419, GARY, INDIANA 


C. H. CUTTER G.B. KIRKWOOD J.E.REDMOND SUPPLY CO. ORMONDE SMITH, JR. MARRS & WENDEGATZ L.CLAIR MITCHELL CO, 
912 Securities Bldg. 437 S. Hill St. 625 W. Madison St. 3842 Palm Ave. 526 Dwight Bldg. 306 Commonwealth Annex 
Seattle !, Wash. Los Angeles 13, Calif. Phoenix, Ariz. Houston 4, Texas Kansas City 6, Mc. Pittsburgh 22, Pa. 


F.W.GORMAN H.R.SLOCUM CO. PIERCE G.FREDERICKS ARKANSAS ELECTRIC CO, WILLIAMSON & WILMER INC. LEONARD M.SLUSSER 
P. O. Box 223 P. O. Box 1692 90 West St. 316 Louisiana St. 617 Mutual Bldg. 318 Dooly Block 
El,Paso, Texas Honolulu, T. H. New York 6, N.Y. Little Rock, Ark. Richmond 19, Va. Salt Lake City 1, Utah 


Other Representatives in Principal Cities 


Everything for the 
engineer and draftsman 


Bruning Whiteprinters 


Make crisp, sharp whiteprints 
within seconds fromy our trans- 
lucent drawings or documents 
with any Bruning Whiteprinter. 
Choose from many fine models. 


Tracing Papers & Cloths 


Every type of tracing medium 
required in the modern draft- 
ing or engineering department 
for making sharp prints, is 
available from Bruning. 


Bruning Drawing Instruments 


A large variety of drawing in- 
struments and drafting tools 
are available from Bruning. 
Pens, compasses, curves, tri- 
angles, etc., are provided. 


Surveying Instruments 


Bruning carries a large and 
complete line of fine transits, 
levels, barometers, compasses, 
leveling rods, steel tape, stop 
watches, tripods, etc. 


BW Papei, Film & Cloth 


A wide variety of paper sizes, 
weights, and tints are avail- 
able in flat sheets or roll stock. 
Transparent paper, film, and 
cloth are also provided. 


— 
Bruning Erasing Machines 


This machine saves valuable 
time erasing pencil, ink, typ- 
ing, carbon copy, and other 
marks. A quiet, cool, vibration- 
free tool for all departments. 


A OMS 
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Bruning Drawing Materials 


If it is a drawing material that 
is used in a drafting or engi- 
neering design department — 
Bruning has it...and you can 
be sure every detail is right. 


> 


Technical Books 


Bruning makes available many 
excellent handbooks on civil, 
mechanical, structural, and 
electrical engineering; archi- 
tecture, drawing, lettering, etc. 


one 
convenient 
source 


one 
high quality 


Bruning Drafters 


These machines combine T- 
square, scales, straight-edge, 
triangle, and protractor into 
one precision instrument. They 
save up to 40% in time. 


Drafting Room Furniture 


Bruning provides a complete 
line of drawing tables, draw- 
ing boards, filing cabinets, 
stools, etc. Their functional de- 
signs give greater efficiency. 


Bruning Slide Rules 


Bruning Slide Rules are preci- 
sion tools built for long serv- 
ice. They are graduated to ex- 
acting tolerances, and do not 
lose their excellent visibility. 


It pays you 
to concentrate 
your buying 


Order all your engineering 
and drafting supplies thru 
Bruning. 14 Bruning Branches 
ond many Bruning Dealers are 
located throughout the U. S. 


SEND THIS COUPON TODAY FOR FULL DETAILS 


C] Bruning Whiteprinters [| Bruning Erasing Machines 
C] BW Paper, Film, & Cloth fae Drafting Room Furniture 
C] Bruning Drafters 


[_] Bruning Slide Rules 
(a) Surveying Instruments 
{i} Bruning Drawing Instruments (=| Technical Books 


C] Tracing Papers & Cloths [_] Bruning Drawing Materials Other? 
Name 

Company Position = 

City Zone State 


Charles Bruning Company, Inc. 


4714-48 Montrose Avenue, Chicago 41, III. 


New York * Newark « Boston « Pittsburgh * Chicago * Detroit * Cleveland « St. Louis 
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1 Milwaukee « Kansas City, Mo. * Houston »* Los Angeles * San Francisco «¢ Seattle 
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The catalog contains full descriptions, 
specifications, and cutaway diagrams of the 


circuit breaker. Copies are available 
from the company. 
Plasticon Specification Sheet. Condenser 


Products, manufacturers of laboratory- 
grade Plasticon capacitors, used for elec- 
tronic computers, differential analyzers, 
frequency determining circuits, bridge 
standards, and so forth, have issued a new 
specification sheet, which contains full 
information on their product. Address 
all requests for copies of the sheet to Con- 
denser Products Company, 1375 North 
Branch Street, Chicago 22, Ill. 


“The Hubbard Linebuilder.” Issued 
monthly by the Electrical Materials Depart- 
ment of Hubbard and Company, ‘The 
Hubbard Linebuilder’’ is a booklet pub- 
lished for the purpose of linking together 
the ideas of the users of pole line and dis- 
tribution materials with the manufacturing 
facilities and products of Hubbard. A 
letter to Norman E. Sharp, Editor, The 
Hubbard Linebuilder, 6301 Butler Street, 
Pittsburgh 1, Pa., will place your name on 
the mailing list. 


New RCA Brochures. The Radio Cor- 
poration of America, RCA Victor Division, 
Camden, N. J., has issued an eight-page 
beochure, which provides all necessary 
information on the company’s 35 milli- 
meter television projector, and four other 
new brochures which describe RCA’s 
latest developments in frequency modula- 
tion equipment: ‘‘FM Broadcast Trans- 
mitter, BTF-5A; ‘SFM Broadcast Trans- 
mitter; BYF-50A’’, ‘Universal Trans- 
mitter Control Console,’? and ““AM-FM 
Isolation Unit.’? Those desiring copies 
of the above brochures should address 
requests to the Engineering Products 
Department, Radio Corporation of Amer- 
ica, RCA Victor Division, Camden, N. J. 


Lincoln’s Reference Supplement. The 
Electrical Modernization Bureau, 41 East 
42nd Street, New York 17, N. Y., has 
issued a 113-page supplement to the first 
edition of Lincoln’s Industrial-Commerical 
Electrical Reference book, which was pub- 
lished in 1941. Copies of the supplement 
are being sent free of charge to all registered 
owners of the book, and any book owner 
who doesn’t receive his copy should notify 
the Bureau, giving his correct address and 
the number of his book. The second 
edition of Lincoln’s Electrical Reference, 
now in preparation, will be published 
early in 1950. 


New Edition of ‘‘Chance Tips.”” Volume 
II, Number 2, of “Chance Tips,”’ published 
by the A. B. Chance Company, 210 North 
Allen Street, Centralia, Mo., has just come 
off the press, containing articles on anchor 
installation, the Chance KM Cutout, and 
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for Audio and R-F Voltage 


Measurements of High 
Accuracy 


Tee Type 1800-A Vacuum-Tube Voltmeter is a 
high-impedance, wide-range voltmeter which 
measures both d-c and a-c voltages up to several 
hundred megacycles with exceptional accuracy. 


FEATURES 
@ CALIBRATED FOR BOTH AC AND DC 


@ SIX OPEN-SCALE RANGES covering 0.1 to 
150 volts ac and 0.01 to 150 volts de 


@ ACCURACY of +2% for d-c and sinusoidal 
a-c voltages 


@ WIDE FREQUENCY RANGE as low as 20 cycles 
with error of less than 2%; with frequency 
correction, error less than 2% up to°300 Mc; 
useful for voltage indication up to 2,500 Mc 


@ SHIELDED PROBE with natural frequency of 
1050 Mc; three standard probe fittings supplied 


@ SINGLE ZERO ADJUSTMENT for all six ranges 


@ EASY-TO-READ METER with mirror for 
greater accuracy; no parallax; knife-edge 
pointer for upper scales and broad pointer for 
lower scales; face illuminated to eliminate 
glass reflections 


@ HIGH INPUT RESISTANCE of 25 megohms at 
low frequencies; meter absorbs negligible 
power from circuit under measurement 


@ LOW INPUT CAPACITANCE of about 3.1 
micromicrofarads 


@ STABILIZED PLATE VOLTAGE SUPPLY; heater 
current regulated by ballast lamp 


@ A-C OPERATED 


TYPE 1800-A VACUUM- 
TUBE VOLTMETER 


These three terminals for the probe ore sup- For ac measurements this Type 1800-P2 Multiplier in- 


plied: (1) G-R Type 274 plug terminals, (2) creases the range of the meter to 1500 volts. It consists $345.00 
G-R Type 774 male and female coaxial of a capacitive voltage divider which provides a 
terminals, (3) a 50-ohm terminating resistor 10-to-1 reduction between voltages applied to the 
for the probe, the latter is used to measure multiplier and those appearing across the meter 


current and power in the termination of lines terminals. TYPE 1800-P2 MULTIPLIER. . . $18.00 


or other locations 


WRITE FOR COMPLETE DATA 


GENERAL RADIO COMPANY 


Cambridge 39, Massachusetts ana 
90 West St., New York6 920S. Michigan Ave., Chicago5 1000 N. Seward St., Los Angeles 38 
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RELAY SELECTION! 


Write today for your copy of this new “Quick 
Guide to Relay Selection”! 


In it you will find condensed and simplified 
data covering the most widely used 
Struthers-Dunn relays and timers listed 
logically according to function. 


The whole idea has been to make 

it easy for you to select exactly 

©, the right relays for your 
applications. 


ASK FOR CATALOG G. 


STRUTHERS-DUNN 


y - 


7 


STRUTHERS-DUNN, INC., 150 N. 13th Street, Philadelphia 7, Pa. 


ATLANTA @ BALTIMORE @ BOSTON e@ BUFFALO @ CHARLOTTE @ CHICAGO e CINCINNATI 

CLEVELAND @ DALLAS @ DENVER @ DETROIT @ INDIANAPOLIS e KANSAS CITY e LOS ANGELES 

MINNEAPOLIS @ MONTREAL @ NEW ORLEANS @ NEW YORK @ PHILADELPHIA e@ PITTSBURGH 
ST. LOUIS e SAN FRANCISCO @ SEATTLE # SYRACUSE ¢ TORONTO 
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hot pole top change-cutouts to switches. 
Copies of the magazine may be obtained 
by writing to the company. 


Electrical Lugs and Connector Manual. 
Ilsco Copper Tube and Products, Inc., 
has just published an 80-page manual 
which contains technical data, engineering 
information, photographs, dimensions, am- 
pere ratings, and other material essential 
for production and maintenance on elec- 
trical lugs and connectors. Copies are 
available from the company, Ilsco Copper 
Tube and Products, Inc., Mariemont, 
Cincinnati 27, Ohio. 


Allis-Chalmers Bulletins, Allis-Chalmers 
Manufacturing Company, 931 South 70th 
Street, Milwaukee, Wis., bas released two 
new publications: ‘‘The Inside Story of 
Allis-Chalmers ‘Safety-Circle’ Motor Pro- 
tection,’ 57B6270B, and ‘“‘Allis-Chalmers 
Oil Circuit Breakers,’ 77B60220. Both 
are available upon request to the company. 


Westinghouse Single Drive Motor Book- 
let. Information concerning the Westing- 
house regulated single motor drive for 
paper machines is contained in a recent 
booklet put out by the company. Copies 
are obtainable upon request from the 
Westinghouse Electric Corporation, Box 
868, Pittsburgh 30, Pa. 


Super Coronol Aerial Cable Booklet. 
The Construction Materials Department 
of the General Electric Company, Bridge- 
port 2, Conn., has just released a 26-page 
bulletin, number GEA-5757, ‘Super Coro- 
nol Aerial Cable—Preassembled and Field 
Assembled,’’ devoted to technical instruc- 
tions concerning selection and installation, 
splicing and terminating of aerial cables. 
Copies are available from the company. 


“For Practical Men.” The James G. 
Biddle Company emphasizes preventative 
insulation maintenance in a new 24-page 
pamphlet, Bulletin 27P8-7, entitled ‘‘For 
Practical Men,” and offers instructions for 
making insulation resistance measurements 
with a “‘Megger’’ insulation tester. Copies 
may be obtained by writing to the James 
G. Biddle Company, 1316 Arch Street, 
Philadelphia 7, Pa. 


AN Desk Chart. Cannon Electric De- 
velopment Company, Catalog Department, 
3209, Humboldt Street, Los Angeles 31, 
Calif., has issued a new desk size Army- 
Navy connector specifications chart with 
the latest insert arrangements shown in 
detail at half scale for use by aircraft, radio, 
communication engineers, designers, main- 
tenance men, and purchasing agents. The 
chart, AN-C-597, measures 17 by 22 inches 
and contains 203 insert-layouts, and many 
additional insert positions, together with 
information as to latest service voltages, 
alternate insert positions and other data. 
A full scale chart, 38 by 50 inches is also 
available upon request to the company. 
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HRERGHTS........ 


AIEE Prize Rules. The AIEE Board of 
Directors at their annual meeting during 
the AIEE Summer General Meeting in 
Swampscott, Mass., approved a new set of 
prize rules for AIEE technical papers. 
Eligibility and entrance requirements as 
well as basis of grading are listed in this 
issue (page 873). 


National Instrument Conference. ‘The 
Fourth National Instrument Conference 
and Exhibit will be held in St. Louis, Mo., 
in September. The conference will include 
two technical sessions arranged by the 
AIEE Committee on Instruments and 
Measurements, thus marking the second 
year of participation by the Institute 
( page 815). 


Institute Statistics. The Institute now 
boasts a total of 85 Sections, including the 
recently organized Ottawa and Western 
Virginia Sections, and 129 Student 
Branches. Complete listings of all Sections 
and Student Branches, together with their 
locations and officers, are presented in this 
issue. Also included are listings of the 
AIEE Subsections and of the geographical 
District executive committees (pages 805- 


07). 


Fall Meeting. Plans for the AIEE Fall 
General Meeting are nearing completion. 
To be held in Cincinnati, Ohio, October 
17-21, 1949, the meeting features a number 
of interesting inspection trips (page 872). 
The detailed program is scheduled for 
publication next month. 


Officers and Committees List. The com- 
plete list of main AIEE committees, both 
general and technical, for 1949-50 appears 
in this issue (pages 799-804). The In- 
stitute’s technical committees are now 
grouped in five divisions: communication, 
general applications, industry, power, and 
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science and electronics. That the In- 
stitute’s technical activities are expanding 
is readily appreciated when it is realized 
that there are 39 technical committees in 
these five technical groups, and that there 
are about 120 subcommittees (to be listed 
in future issues of Electrical Engineering) of 
these main committees. Scopes of the 
main technical committees are also listed 
in this issue (pages 808-77). 


Pit oa eT 
Pie ww 


AIEE Textile Industry Conferences. 
Two more special AIEE meetings known 
as AIEE Conferences have been held. 
Both of these were on electrical engineering 
problems in the textile industry, and took 
place in Boston, Mass., and Atlanta, Ga. 
Digests of some of the papers presented at 
these gatherings (page 797-8) and a brief 
news report (page 874) appear in this issue. 


Organizing Engineers. Ever since the 
AIEE Subcommittee on Professional Ac- 
tivities of the AIEE Committee on Plan- 
ning and Co-ordination published a 
summary of its report “Organization of 
the Engineering Profession,” (EE, May ’47, 
pp 496-507) discussion on this subject has 
grown steadily. Some actions towards 
greater unity of the engineering profession 
have been taken. AIEE President Fair- 
man outlines what has been done and how 
we must proceed in order to attain this 
desirable goal (pages 749-50). 


Bell Computer, Model VI, Intelligence 
levels are built into this latest model of 
the Bell relay-type digital computers. This 
minimizes the punched-tape instructions 
that must be fed to the computer from its 
remote control stations (pages 757-6). 


Motor Design Problems. Are there any 
unsolved motor design problems worth 
investigating that might make suitable 
masters’ and doctors’ theses subjects? 
The chief engineers of four motor manu- 
facturers answer this question in the 
affirmative citing specific problems (pages 
759-62), 


Electrostatic Air Cleaning. ‘Textile ap- 
plications of the Precipitron have paid 
off with less spoilage and fewer hours lost 
because of workers being ill. Although the 
accumulation of lint on electrodes is a 
problem, several solutions have proved 
successful (pages 783-6). 


McNary Characteristics. The right 
combination of transmission lines and 
powerhouse equipment will save an esti- 
mated $7,000,000 for the Federal Govern- 
ment in adding McNary Dam power to its 
network. Engineers of the Bonneville 


AIEE Proceedings 


Order forms for current AIEE Proceedings 
have been published in Electrical Engineering 
as listed below. Each section of AIEE 
Proceedings contains the full, formal text of a 
technical program paper, including discus- 
sion, if any, as it will appear in the annual 
volume of AIEE Transactions. 

AIEE Proceedings are an interim member- 
ship service, issued in accordance with the 
revised publication policy that became effec- 
tive January 1947 (EE, Dec °46, pp 567-8; 
Jan °47, pp 82-3). They are available to 
AIEE Student members, Associates, Mem- 
bers, and Fellows only. 

All technical papers issued as AIEE Pro- 
ceedings will appear in Electrical Engineering 
in abbreviated form. 


Location of 


Order Forms Meetings Covered 


Pacific General 
Middle Eastern District 


Midwest General 
Southern District 


Winter General (1949) 


South West District 
Summer General 


Oct °48, p 43A 


Dec ’48, p 35A 
Apr °49, p 25A 
Jul 49, p 47A 


Power Administration tell how network 
analyzer studies and cost analysis were 
used to find the solution (pages 789-92). 


Absentee Subscriber Device. Two 
British scientists have developed a new 
kind of message recorder, which, when 
connected to the terminals of a telephone, 
will print on a tape the numbers of all 
those who called during the subscriber’s 
absence. Less expensive and complex 
than a _ spoken-message recorder, this 
instrument consumes 30 watts during the 
reception of a call and no power at all 
during waiting periods (pages 795-0). 


Industrial Research. In industry, a re- 
search department must demonstrate to 
the company that it is worth its cost. And 
the cost is high; a firm should be prepared 
to invest at least $100,000 in that depart- 
ment. Otherwise, the company should 
have its research done at a foundation, 
where the vast array of specialists, required 
in modern research work, is available 
(pages 777-87). 


Transmission Line Charts. Solving prob- 
lems dealing with high-frequency trans- 
mission lines and wave guides is laborious 
when done using equations. ‘Tedious 
calculations are reduced when charts are 
employed, the two most popular of these 
being the rectangular chart and the Smith 
chart. A simplified derivation of these 
charts is presented for the benefit of those 
who are familiar with their application 
but not their theory (pages 767-74). 
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gt ain FORMED HEY’RE HERE! Low cost slot insulators ready to be used 
Round POC yeFED with no further cutting or fabricating necessary. All you do 


UmMAMCO) 5.0; sviarors 


ARE AVAILABLE IN THESE 
STANDARD STYLES 


DESCRIPTION 


Plain, uncuffed 


is specify the style, material, and dimensions — ordering takes 
less time, bothersome details are eliminated. 


You save time and money on the assembly line, too! Each 
accurately made insulator slips into the slot easily. No time is 
wasted struggling with inaccurate pieces or cutting insulators to 
size from bulky sheets or rolls of paper. 


Inmanco Stylized Slot Insulators, developed with the co-oper- 
ation of the John A. Manning Paper Company and Hollingsworth 
& Vose Company, are manufactured with Inmanco’s expert fab- 
ricating know-how and facilities. Fourteen standard styles can 


120 Scored tuncuifed be supplied to your exact specifications. Papers available include 
210 Plain ferieeuned Manning 100 and 300 All Rag Papers, Manning 200 and 100 Part 
220 Scored) single-cuffed Rag Papers, Hollingsworth & Vose Groton Tan and Red Pure 
310 Plaiidoubleccutted Wood Pulp Papers, Acetate-Covered Papers, and other electrical 
320 Scored, double-cuffed insulating papers. 

130 Flat-bottom formed, uncuffed Start saving time, money, and bother today! Ask your nearest 
230 Flat-bottom formed, single-cuffed distributor, listed below, for the free Inmanco Slot Insulator 
330 Flat-bottom formed, double-cuffed Bulletin which will help you select the right style and material. 
Lhe pees eee fees een d Inmanco Products are made exclusively by Insulation Manufacturers Corporation 
340 Round-bottom formed, double-cuffed 


| GET INMANCO READY-TO-USE ¢ 
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p § § e | t q _ SEALED PRECISION Voltmeter Multipliers find 
many critical applications such as are encountered 

in marine service because of absolute dependa- 

bility under the most severe humidity conditions, 
Type MF’s are compact, rugged, stable, fully 
moisture proof and easy fo install. They consist of 
individual wire wound precision resistors, mounted, 
interconnected and encased in glazed ceramic 
tubes—and these may be either inductive or: 


non-inductive, for use on AC as well as DC. Send 
coupon for technical data bulletin. 


MATCHED PAIR Resistors afford a low-cost solution to 
mony close tolerance requirements. They are widely 
used as dependable meter multipliers. Two insulated 
IRC resistors are matched in series or parallel to as 
close as 1% initial accuracy. Both JAN-R-11 approved 
Advanced BT resistors and low-range BW _ insulated 
wire wounds are available in Matched Pairs. Use the 
coupon to send for Bulletin B-3., 


ACCURACY AND ECONOMY in close tolerance 
applications make IRC Deposited Carbon 
PRECISTORS ideal for television and similar cir- 
cuits. They are outstanding in their ability to 
provide dependable performance in circuits where 
__ the characteristics of carbon composition resistors 
are unsuitable and wire-wound precisions too 
expensive. Manufactured in two sizes, 200 ohms 
to 20 megohms in 1%, 2% and 5% tolerance. 
Coupon brings full details. 


For fast, local service on standard IRC resistors, |, 
simply phone your IRC Distributor. IRC’s & 
Industrial Service Plan keeps him well supplied 
with the most popular types and ranges— 
enables him to give you prompt, round-the- 
corner delivery. We’ll be glad to send you his 
name and address. 


I INTERNATIONAL RESISTANCE CO. 
ce : | 411 N. BROAD ST., PHILADELPHIA 8, PA. 
- Wherever te Circuit, Say. WW | Please send me complete information on the items checked below: 
= | [(_] Precision Wire Wounds [_] Deposited Carbon Precistors 
Power Rovsios< « Vollmeter Multipliers I [] Wire Wound Controls [_] Voltmeter Multipliers 
‘insulated Composition Resistorcstow — I (J Matched Pair Resistors [_] Name of Local IRC Distributor 
3 5 : ee z é : % 
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_ *A special silver-impregnated graphite 


*3 
s 
NY 
Son, 
~ 
ovidavctin OU RRR SSS SS SS 


Sp TT RST 


Ree 


GRAPHITE METALLIZING 


SLL 


CORPORATION 


1053 NEPPERHAN AVENUE, YONKERS 3, NEW YORK 


INDUSTRIAL NOTES .,... 


Biddle Company Elections. D. Robert 
Yarnall was recently elected Chairman of 
the Board, and J. Robert James, President, 
of the James G. Biddle Company, Philadel- 
phia, Pa. Additional appointments in- 
clude those of E. E. Lange, Assistant Sales 
Manager; S. Q. Lange, Technical Sales 
Engineer; T. B. Whitson, Director of 
Engineering; E. B. Curdts, Assistant Direc- 
tor of Engineering, and C. Sommer, Adver- 
tising Manager. 


S & C Expands Sales Staff. As a result of 
an expanded sales volume, and the intro- 
duction of new products, S and C Electric 
Company (formerly Schweitzer and Con- 
rad, Inc.,) has appointed R. S. Barbaras to 
their sales staff in the position of Sales Pro- 
motion Manager. 


11 Westinghouse Plants Win Safety 
Award. Industry’s highest safety award, 
the Distinguished Service to Safety Award 
of the National Safety Council, has been 
awarded to 13 Westinghouse plants. 
42,000 employees of the 13 plants compiled 
more than 90 million man-hours of work, 
with less than three lost-time accidents per 
million. Only 226 such accidents occurred 
in this group; which is twice as good as the 
average for the entire electrical industry. 
Three of the Westinghouse plants—Balti- 
more, Md., Lima, Ohio, and Sunbury, Pa., 
are receiving the safety award for the third 
time. 


General Electric Appointments. Glenn 
B. Warren has been appointed Manager of 
General Electric’s Turbine Division, and 
H. V. Erben, Vice-President and General 
Manager of the company’s Apparatus 
Department. Mr. Warren succeeds John 
W. Belanger, who recently was named 
Assistant General Manager of the Appara- 
tus Department. Following his appoint- 
ment, Mr. Warren named Edwin E. Parker 
to succeed him as Manager of Engineering 
of the Turbine Divisions. 


Marquardt Aircraft Appoints Osborne. 
William E. Osborne has been designated 
Chief of the Electronic and Guidance Divi- 
sion of the Marquardt Aircraft Company 
at Van Nuys, Calif. ‘The division which 
Mr. Osborne will direct is engaged prin- 
cipally in the research and development of 
equipment applicable to guided missiles, 
especially those in the supersonic ranges. 


Ohio Brass Appointments. Merrill W. 
Manz has been designated Vice-President; 
Roger A. Black General Factory Manager; 
and H. E. Shoemaker Manager, Foreign 
Trade Department, of the Ohio Brass Com- 
pany, Mansfield, Ohio. 


Allis-Chalmers Appointments. C. Stuart 
Haagensen has been appointed Assistant 
Manager of Allis-Chalmers Labor Rela- 
tions Department, and Secretary of the 
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firm’s negotiating committee, and Herbert 
J. Rass has been named employment Man- 
ager for the concern’s West Allis Works. 
Also, J. F. Fitzsimmons has been appointed 
Manager of Allis-Chalmers Commercial 
Research Department, succeeding J. R. 
Reed, who resigned to establish his own 
company, and J. D. Greensward has been 
named General Manager of the Norwood, 
Ohio works of the company. 


Burnham Adams Vice-President of Lear. 
Burnham Adams, Manager of the California 
Division of Lear, Inc., since May, 1946, was 
elected Vice-President of the corporation 
recently. 


Tebben Forms Consulting Firm. John 
D. Tebben, formerly General Sales Man- 
ager for the P. R. Mallory Company, and 
Vice-President of the S. M. S. Corpora- 
tion, has formed a new company to do con- 
sulting work in engineering sales and indus- 
trial relations. The company’s head- 
quarters will be at 20869 Mound Road, 
Detroit, Mich. 


Kells Eastern Manager of Martin Pub- 
lishing. Charles F. Kells, Managing 
Director of the Electric Industrial Truck 
Association, has resigned to become Eastern 
Manager of the B. J. Martin Publishing 
Company, Chicago, Ill., publishers of 
Electrified Industry and Today's Business. 


Ebasco Services Adds Rolla Powers to 
Staff. Rolla E. Powers has been appointed 
Consulting Electrical Engineer for Ebasco 
Services, Inc. From 1923 to 1945, Mr. 
Powers was employed by Westinghouse 
Electric; in 1943 he was loaned to the 
Kellex Corporation to act as a department 
head to design, construct, and place in 
operation the diffusion plant at Oak Ridge, 
Tenn., for separation of U235 from U238. 
Following this, Mr. Powers became Project 
Engineer for the Stanolind Oil and Gas 
Company. 


NEW PRODUCTS e e 


General Electric Developments. Com- 
plete, ready-to-install substations de- 
signed for use on rural systems, and 
available in any one of four basic arrange- 
ments have been recently developed by the 
General Electric Company. Designed and 
manufactured as a unit, the substations 
contain ratings which range from 300 to 
1,500 kva, 22,000 to 69,000 volts (in- 
coming), 12,470Y/7,200 or 13,200Y/7,620 
volts (outgoing). Additional information 
may be secured by requesting publication 
GEA-5276 from the Apparatus Depart- 
ment, General Electric Company, Schenec- 
tady, N. Y. General Electric has also 
announced a new slope control for use as an 
accessory with either synchronous or non- 
synchronous resistance welding machines of 
the single-phase type. Designed to provide 
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Protection 


FOR YOUR RURAL TRANSFORMERS 


Sy 


Combination Lightning Arrester and 


Overload Limiter provides Complete, 


Low-Cost Protection on Allis-Chalmers 


Rural Distribution Transformers 


Go PROTECTION for your rural transformers need not be 
economically out of reach — even on low revenue feeders. 

Allis-Chalmers Rural Transformers with combination Lightning 
Arrester and Overhead Limiter offer as complete protection as you 
can buy. , . at a saving over many other types because of its simple, 
thrifty operating principle. By using this arrangement you can 
economically justify complete electrical protection for all trans- 
formers on your system. 


SURGE-PROOF OVERLOAD LIMITER 


An important feature of this protective combination is the surge- 
proof overload limiter. Through special two-element fuse design, 
fuses rated small enough for low sustained tripping values can at 
the same time withstand momentary load current surges equal to 
ordinary fuse links rated 4 to 8 times higher! This provides pro- 
tection against secondary shorts and 
harmful overloads, eliminates costly 
and unnecessary storm outages — 
yet permits safe, efficient utilization 
of Allis-Chalmers rural transformer 
overload capabilities. 

The protected transformer comes 
to you completely assembled as a 
packaged unit, ready to install, 

For further details, write for 


Diagram of two-element 
fuse shows (A) heater D 
coil, (B) pull out wire, 

(C) fusible junction, 

(D) shunting gap. jn 


RATINGS 


LIGHTNING ARRESTER 
Primary Phase to Phase Volts, 
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Grounded ........ 9000-13800 
Primary Phase to Phase Volts, 
Ungrounded ...... 6000-9000 
60 cycle Fault Current 


Critical Impulse Sparkover 
Value (12x40 wave) 54 KV 


OVERLOAD CUTOUT 


Current Rating.....50 amps 
Maximum Interrupting 
Capacity ............ 1200 amps 


ALLIS-CHALMERS 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 25A 


Specification 2557, or call your near- 
by A-C sales representative. 


A 2793 


ALLIS-CHALMERS, 931A SO. 70 ST. 
MILWAUKEE, WIS. 


(Continued from page 18A) 


the desirable refinement of a gradual in- 
crease in welding current at the beginning 
of the weld, the new control materially 
reduces tip pickup in spot welding alumi- 
num, magnesium, and their various alloys. 
Consequently, more welds can be made 
before the electrodes must be redressed. 
[he new accessory control is furnished in 


two types—one intended for mounting in 
the side of synchronous controls, the other, 
in a separate enclosure, for use with older 
types of control and non-synchronous 
control. Further information on the slope 
control is also available from G-E’s Appa- 
ratus Department, at the above address. 


Miniature Frahm Tachometer. The 


James G. Biddle Company, 1316 Arch 


Type PM-10 Multielement Oscillograph 


For Increasing the Scope of Your Investigations, Design, 


and Testing— 


The PM-10 oscillograph has provided the answer to 
many baffling electric and nonelectric problems. You can 
use it separately for laboratory-type measurement of elec- 
tric quantities. And, with auxiliary detectors, you can 
measure such nonelectric quantities as stress, strain, 


sound, pressure, and vibrations. 


Important PM-10 Conveniences— 


GENERAL ELECTRIC ‘PRECISION INSTRUMENTS — 


1. Simultaneous viewing and recording of as many as 


twelve separate functions. 


2. Frequency response up to 7000 cycles per second. 


3. Timing lines photographed on the film. 


4. Self-contained control rheostats. 


More details are available.* 


PORTABLE PRECISION POTENTIOMETER 
for measuring very low voltages 


Extremely accurate temperature measurements—even 
to a fraction of a degree—are now possible with the General 
Potentiometer. 
primarily for use with thermocouples, this instrument was 
especially designed for use outside the laboratory, yet it 
maintains laboratory accuracy. It can be used to get 
precise data required for determining the efficiency of 


Electric Portable Precision 


turbines, oil burners, and other equipment. 


BECAUSE OF ITS EXTREME ACCURACY it can be used to 
check other high-accuracy thermocouple-type indicating 
and recording instruments, or for measuring any small, 


d-c potentials, 


Intended 


A convenient system of keys is provided to enable readings to be taken rapidly. All contacts 
are enclosed to prevent wear due to dust and dirt conditions. 

The entire instrument is housed in an attractive luggage case of modern design. The gal- 
vanometer element may be removed and used separately. = 


*FOR MORE INFORMATION on these two precision instruments, or any of the hundreds of 
other laboratory, switchboard, or general testing instruments made by General Electric, see 
your nearest G-E representative. He will be glad to discuss your particular application. If you 
don’t know where he’s located, write to us. We will pass your inquiry on to him. Sect. 602-147 
Apparatus Dept., General Electric Company, Schenectady 5, N. Y. 


GENERAL 


ELECTRIC 


602-147 
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Street, Philadelphia, Pa., has announced 
a new low-cost miniature Frahm Resonant- 
Reed Tachometer. The instrument meas- 
ures vibrations per minute as well as rpm, 
and is available in ranges between 1,000 
and 13,000 rpm. Additional information 
concerning the tachometer is contained in 
Bulletin 37-35, which is available upon 
request to the company. 


Electrical Insulating Film. A new plastic 
electrical insulating film for coils which 
bonds itself into a unified layer of insula- 
tion, is a recent product of Minnesota 
Mining and Manufacturing Company, 
900 Fauquier Street, St. Paul 6, Minn. 
Trademarked ‘“‘Scotch-Weld,” film No. 
70, the film is provided in 60-yard rolls, 
in widths up to 42 inches, and in thick- 
nesses of two, four, six, and eight mils. 
After being wrapped around a coil, the 
film is cured by heat treating at tempera- 
tures usually between 200 and 300 degrees 
Fahrenheit. Dielectric strength varies with 
degree of heat cure, ranging up to more 
than 1,750 volts per mil of thickness on a 
fully cured film. Further information 
may be obtained from the company. 


Protected Transformers. Type ACP 
transformers, which are self protected 
against all faults due to lightning, surges, 
short circuits and overloads, have been 
announced by Allis-Chalmers, Milwaukee, 
Wis. High voltage protective links remove 
the transformer from the line in case of an 
internal fault. The breaker is calibrated 
to permit heavy short time overloads 
without interrupting service and without 
harm to the transformer. Type ACP 
transformers are available in ratings of 
50 kva and smaller and in voltage classes 
of 14.4 kv and lower, single phase. Further 
information may be had upon request to 
the company. 


10,000 Volt Molded Tubular Capacitors. 
The Sprague Electric Company has intro- 
duced small 85 degree Centigrade molded 
tubular capacitors in ratings as high as 
10,000 volts direct current, suitable for 
high-temperature conditions usually met 
in television, industrial electronics, and 
various radio applications. Known as 
Sprague Type 84P ‘‘Telecaps,’’ the new 
tubulars are molded in non-flammable 
phenolic that is highly resistant to heat 
and moisture. An exclusive design permits 
mineral oil impregnation of the capacitor 
section after the phenolic casing has been 
molded around it. Bulletin 274, which 
gives complete details of Type 84P ‘‘Tele- 
caps,’ is obtainable upon request to the 
Sprague Electric Company, North Adams, 
Mass. 


Westinghouse Developments. Westing- 
house has announced a Mot-O-Trol 
packaged adjustable speed drive, which 
employs electronic precision to provide a 
wide, stepless range of speed control for 
d-c motors from a-c sources. It starts 
motors, brings them up to a pre-set speed, 
permits change of speed at any time, 
applies dynamic braking for stopping, and 
reverses motors. Complete sub-assemblies 


(Continued on page 36A) 


SEPTEMBER 1949 


SRR 


Small arrows indicate the 
resultant forces on wood 
Direction of pull member when strain is ap- 
indicated by ‘og >= plied. Pressure is inward on 
large arrows all four sides of the wood. 
(Patent Pending) 


As tension is applied to the new Hubbard Wood Strain 
Insulator, the interlocking plates start moving forward. As 
they move slightly, the inclined planes under the heads and 
nuts of the assembly bolts cause a simultaneous motion in- 
ward, 90 degrees to the line of pull, and on all four sides of 
the wood member. In older designs the “squeeze” has been 
applied transversely in two opposing directions only, which 
results, under excessive pull, in a crushing and’ flowing “of 
the wood fibres until a limit is reached where the bolts shear 
out of the wood. 

With the Hubbard 4-way design, the “squeeze” is from all four sides. 
There is no relief area into which the wood can “‘flow.’’ Consequently, the 
fittings hold to the full strength of the wood member. Tremendous holding 
power has been achieved by this development. Pulled to destruction, no 
fractures have occurred under a fitting but always in the clear part of the 
wood. For the first time, a wood strain insulator is available with perfectly 
designed fittings and at a low cost. 


HUBBARD 


PITTSBURGH 
CHICAGO 


BND 


COMPANY 


OAKLAND 
CALIFORNIA 
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1315 SO. CLARKSON STREET * DENVER 10, COLORADO 


liorested is a complete 12-channel portable 
laboratory for precision strain determination from static 
strain to a frequency of 5000 cycles per second, using 
resistance gages that are attached by cement to the 
points of strain. 

In the field or in the laboratory...on a high-speed 
locomotive or in the air... HATHAWAY strain record- 
ing equipment is ideal for the recording of STATIC 
AND DYNAMIC STRAIN in structural members and 


machines in operation. 


Complete with all necessary balancing controls and 
monitoring instruments, precision calibrating device, 
power supply equipment and oscillator, and type 


$8-B Oscillograph. 


TYPE MRC-15 12-element Strain Gage Control 
Unit. Fully described in Technical Bulletin SP 195 J 


Type S8-B 12- to 48-element Oscillograph 
Fully described in Technical Bulletin SP 165 J 


phe, 
INSTRUMENT COMPANY. 
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can be removed for easy maintenance. 
Another development at Westinghouse is a 
set of new universal type electronic detect- 
ing relays, designed to operate from 
initiating circuits or contacts carrying smal] 
current at low voltage, for drop wire de- 
tection. They are available as a single 
unit mounted in its own cabinet, or as 
multiple relays involving a combination 
of ten circuits on a panel within a common 
enclosure. Additional information on the 
above instruments is available by writing 
to the Westinghouse Electric Corporation, 
P. O. Box 868, Pittsburgh 30, Pa. 


Saturable Core Reactors. Saturable core 
reactors, a magnetic device giving a 
variable impedance which enables a large 
quantity of a-c power to be controlled by a 
small amount of d-c power without resort- 
ing to moving parts, have been placed on 
the market in two types by Sorensen and 
Company, Inc., 375 Fairfield Avenue, 
Stamford, Conn. The first type is a d-c 
control circuit which operates through the 
d-c coil, designed for about 50 to 150 
milliampere maximum current and a d-c 
resistance of about 2,000 to 4,000 ohms. 
This line is designed to work from the 
plate circuit of a vacuum tube control. 
The second type is the a-c power circuit 
which operates through a-c coils, which 
consists of two a-c coils internally con- 
nected in series. Data sheets on the 
standard line of Sorensen saturable core 
reactors are furnished upon request to the 
company. 


New Oscillator. The Southwestern In- 
dustrial Electronic Company has developed 
a new type Model ‘‘M”’ Oscillator, de- 
signed as a source of power covering the 
frequency range of 0.25 to 120,000 cycles 
per second in five overlapping ranges. 
The entire circuit is fed from an elec- 
tronically regulated power supply which is 
responsible for the low hum level and the 
great degree of freedom from power line 
surge effects, making the instrument valu- 
able for distortion measurements in audio 
equipment. ‘Two positions are provided 
on the range selector switch for fixed fre- 
quencies which are determined by units 
which plug into the central tuning as- 
sembly. Plug-in units may be obtained 
for frequencies as low as 0.1 cycles per 
second. Power consumption is 140 watts 
at 115 volts and 60 cycles per second. 
Two output circuits are provided. One 
circuit will deliver 20 volts or 20 milli- 
amperes, rms. Additional information 
may be obtained from, The Southwestern 
Industrial Electronic Company, 2831 Post 
Oak Road, Houston 19, Tex. 


Selenium Rectifiers for Battery Charging. 
The International Rectifier Corporation, 
6809 South Victoria Avenue, Los Angeles 
43, Calif., has announced a new line of 
selenium dry-disc rectifiers for battery 
charging applications. The rectifiers can 
be used for trickle, taper, quick or any 
other type of charge, and are especially 
suited for unattended service due to the 
high inverse resistance. ‘The individual 
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“RAIN OR SHINE... it makes no difference! Load me or overload me, I’m 


built to take it... from the top of my bushings right down to the bottom of my 
cold-rolled, oriented silicon steel core. Moloney engineers considered every- 
thing that could possibly happen to a line transformer and went to work to de- 
sign a transformer to do the job better. I’m the answer ... literally a test-tube 


baby... lighter, smaller, better... with a “Surge-Tested’” Design pedigree! 
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Illustrated: 5 Kva, 
7200 to 120/240 
volts Conventional 
Type HiperCore 
Transformer. 


Sales offices in all principal cities 


Send for Bulletin 
H-303 for complete 
details of Hiper- 
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A WISE ELECTRONIC INVESTMENT FOR 
ELECTRICAL ENGINEERS BEGINS WITH A 


Type 281-A 


Type 286-A 


* Here’s why: For your cathode-ray 
indicator needs you have available, for 
example, the extremely useful Du 
Mont Type 281-A. This basic cathode- 
ray instrument is adaptable to almost 
any application because it permits a 
choice of time bases from any external 
source—linear, logarithmic; driven, 
recurrent. Also, the brilliant traces 
of its Du Mont Type 5RP-A Cathode- 
ray Tube make it capable of display- 
ing the fast writing rates of single 
transients. 


The utility of the Type 281-A may be 
still further extended by the avail- 
ability of external power supplies, 
such as the Du Mont Type 286-A, for 
examining extremely high writing 
rates. By increasing the accelerating 
potential to 29,000 volts, the Type 
281-A becomes what is probably the 
fastest writing and brightest cathode- 


DU MONT 


OSCILLOGRAPH 


A packaged combination. 


ray instrument in the world. Writing 
rates in excess of 400 inches per micro- 
second are then available! 


A further advantage: all of the use- 
fulness of permanent records can be 
obtained with oscillograph-record 
cameras such as the Du Mont Type 
314-A or 271-A, both of which are 
specifically designed for the purpose. 


This varied combination of Du Mont 
equipment is illustrative of the full 
line of Du Mont instruments and 
tubes—including dual-beam oscillo- 
graphs, wide-band oscillographs, po- 
lar-coordinate indicators, power sup- 
plies, accessories—at prices from one- 
hundred to five-thousand dollars. 
And always a wise, lasting investment 
when you begin with a Du Mont 
instrument or tube! 


DETAILED LITERATURE ON REQUEST: EQUIP- 


MENT DEMONSTRATED. 


NO OBLIGATION. 


ALLEN B. DU MONT LABORATORIES, INC., PASSAIC, N. J. 
CABLE ADDRESS: ALBEEDU, NEW YORK, N.Y., U.S.A. 


- Instrument Division, 1000 Main Avenue, Clifton, N. J. 
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selenium cell sizes range from 1!/, by 
11/, inches to 61/, by 7!/, inches. A 
special protective coating is applied for 
corrosive atmospheric conditions. Addi- 
tional details on the rectifiers may be 
obtained from the company. 


Gamma Ray Detection Tube. An im- 
proved type of gamma ray detection tube 
which is five to six times more sensitive 
than standard tubes now used for tracing 
medicinal isotopes; analytical chemistry; 


searching for radioactive ores; thickness 
gages; geophysical studies; industrial 
control; and radiation survey meters, 


has been announced by the Electronics 
Division, Syivania Electric Products, Inc., 
500 Fifth Avenue, New York 18, N. Y. 
Only six inches long and two inches in 
diameter, the new gamma detector tube, 
GG306; is self quenching; operates at 
960 volts; has an average Geiger threshold 
of 900 volts; provides 810 counts per 
minute from five micrograms of radium 
filtered through 1/8 inches of lead 12 inches 
from end; has a maximum recovery time 
of 800 microseconds; a maximum dead 
time of 100 microseconds; is suitable for an 
input circuit impedance of five megohms; 
and has an ambient temperature rating of 
minus 40 degrees centigrade to minus 70 
degrees centigrade. Additional informa- 
tion concerning the tube may be had by 
writing directly to the company. 


Precision Limit Switch. Micro Switch, 
Freeport, Ill., has developed a new Micro- 
Limit precision switch, designed for use on 
all types of machinery and industrial equip- 
ment. The switch is field adjustable to 
operate either clockwise, counter-clockwise, 
or in both directions. The actuator arm 
assembly is adjustable through 360 degrees 
and can be locked at any of 870 positions 
at intervals of 0.4 degrees. This switch 
is designed for an electrical rating of 20 
amperes, 110, 220, or 460 volts, alternating 
current; 1/2 ampere, 115 volts, direct 
current; 1/4 ampere, 230 volts, direct 
current; 3/4 horsepower, 110 volts, alter- 
nating current; 1!/3 horsepower, 220 
volts, alternating current. Further details 
may be obtained from the company. 


Automatic Capacitance Comparator. Re- 
cently developed by the Clippard Instru- 
ment Laboratory, Cincinnati, Ohio, the 
PC-4 automatic capacitance comparator 
allows an unskilled operator to grade, 
sort, or check as many as 8,000 capacitors 
a day, within an accuracy of 0.2 per cent. 
The instrument tests all types of capacitors, 
paper, mica, oil-filled, ceramic and elec- 
trolytic. The 35-pound instrument re- 
quires no outside attachments other than 
the standard capacitor against which the 
unknown capacitors are to be checked; 
and can be connected to any 110 volt a-c 
outlet. Range is from 10 micromicro- 
farads to 1000 microfarads. Meter scale 
reads in per cent, in ranges of minus five 
to five per cent, minus 25 to plus 30 per 
cent, and minus 50 to plus 100 per cent. 
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FOR MAXIMUM SAFETY AND CONTINUITY OF SERVICE 
COMPLETELY OIL IMMERSED, FUSED, 
SAFETY LINE DISCONNECT SWITCHES 


The Rowan Type 620 Safety Line Discount Switches a re designed to provide dependable 
continuity of service in locations where the atmosphere is c ontaminated by corrosive elements. 
semi-hazardous and hazardous vapors and dust. They are equipped with 
Rowan Time-Tested Air-Seal Fuses which have the same operating character- 
istics under oil as in air, plus inherently greater interrupting capacity. These 
switches are widely used in such industries as chemical plants, 
powder factories, oil refineries, synthetic rubber plants, cement 
mills and gypsum plants. 
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The Rowan Air-Seal Fuse — intro- 
duced by Rowan engineers fo pro- 
vide a low-voltage fuse for use 
under oil. Cutaway shown at right 
illustrates unique design. Supplied 
in 30—60—100—200—400 amp., 
250 and 600 Volt. 


Standard heatires ofthe Type 620 Disconnect Switch: 


1. Completely oilimmersed. 2. Equipped with Rowan Time-Tested Air- 
Seal Fuses. 3. Disconnect switch of the quick acting contractor type with 
renewable contacts. 4, Provision for locking disconnect switch in the 
“Off” position. 5, Safety enclosing case mechanically interlocked to pre- 
vent lowering of tank when switch is in operating position or closing of 
switch when tank is lowered. 6, En- 


closing case is weather-resisting and \ 
dust-tight. 7, Tank handles for 
ease of handling. d ll, i" Hi 


THE ROWAN [ONTROLIER €0., BALTIMORE, Fe 


SEPTEMBER 1949 Please mention ELECTRICAL ENGINEERING when writing to advertisers 49A 


Yea 
TRANS 


gives you 


ADC Quality 


at 
LOW COST 


Designed to meet the needs of engineers, 
experimenters and amateurs who demand 
high quality at low cost, the new ADC 
Yeoman line provides many of the well- 
known performance standards of the Qual- 
ity Plus and Industrial series, also several 
items not previously offered. This has been 
accomplished primarily by improved pro- 
duction engineering methods, standardiza- 
tion of parts and a simplified type of con- 
struction. 


The ADE Yeoman line includes: 


® Output Transformers with carefully bal- 
anced windings offering unusually low 
distortion over a wide frequency range. 

@ Interstage Transformers with balanced 
humbucking features providing equal 
push-pull grid voltages at high audio 
frequencies for inverse feedback circuits. 

@ Power Transformers limited to 55°C. 
temperature rise and especially quiet in 
Operation. 

@ Replacement Units for Audio and TV 
circuits, miniatures, filament transformers, 
reactors, and many others. 


ADC invites your critical appraisal of this 
new Yeoman line. 


Send for the new AD€ catalog 
which you wili find convenient to 
use in selecting almost any trans- 
former you may need, Special re- 
quirements not covered by the 
catalog will receive prompt at- 
tention. 


yptadée DEVELOPMENT Co. 


2853-13th AVENUE SOUTH, MINNEAPOLIS 7, MINN. 


COMM 
RMER 


Yeoman Series 
tes 


Quality Plus Series 


Industrial Series 
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For complete details on the instrument 
write to the Clippard Instrument Labora- 
tory, Inc., 1125 Bank Street, Cincinnati, 
Ohio. 


TRADE LITERATURE 


Cable Installation Catalog. Cable instal- 
lation equipment manufactured by T. J. 
Cope, Inc., 711 South Fiftieth Street, 
Philadelphia 43, Pa., has been listed and 
fully described in a new catalog, number 
62, by the company. Copies are available _ 
upon request. 


Electronic Core-Baking. ‘The Induction 
Heating Corporation, 181 Wythe Avenue, 
Brooklyn 11, N. Y., producers of thermior ic 
electronic core-baking equipment, have 
made available a series of data sheets on the 
electronic core-baking process. ‘The data 
sheets will be published approximately 
once a month, and will contain technical 
and production information. Numbers 
one and two, now in print, will be sent 
immediately upon written request to the 
company. 


Carbon Bulletin. ‘Advantage of Carbon 
as a Brush Material,’ bulletin number 73 
published by the National Carbon Com- 
pany, contains a brief history of carbon 
as a current collecting brush, correlates 
the properties of carbon to the three pri- 
mary brush functions of conduction of load 
current, sliding contact, and commutation, 
discusses armature winding, the commuta- 
tion cycle, slip ring brushes, and metal- 
graphite brushes. A copy of bulletin num- 
ber 73, in the company’s Modern Pyramid 
series, may be obtained by writing National 
Carbon Company, Incornorated, 30 East 
42nd Street, New York 17, N. Y. 


“E-M_ Synchronizer.”” The Electric 
Machinery Manufacturing Company pub- 
lishes an informative monthly magazine, 
the “E-M Synchronizer.”? Number 26 
contains information on application of 
large synchronous and induction motors 
and their controls in pulp and paper 
mills; Number 27 discusses diesz] genera- 
tors, selection and parallel operation of 
a-c generators; and a special 32-page 
issue, Number 28, ‘‘The ABC of Large 
Induction Motors,” covers the basic theory, 
operation, characteristics applications, and 
control of large induction motors. Copies 
of these magazines are available from the 
Electric Machinery Manufacturing Com- 
pany, Minneapolis 13, Minn., upon written 
request. 


Telecomputing Service Bulletin. The 
Telecomputing Corporation, 2901 Holly- 
wood Way, Burbank, Calif., an engineering 
service which computes numerical values 
and problems essential to converting theory 
and design into production for the 
engineering industry, has published a 
bulletin, EE, which describes its services. 
Copies are available by writing to the 
company. 
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HIGHLIGHTS........ 


Pacific General Meeting. A new record 
for attendance at Pacific Coast meetings 
was set by this year’s Pacific General Meet- 
ing in San Francisco, Calif., August 23-26, 
with 878 members, students, and guests 
registered. Highlights of the meeting in- 
cluded a comprehensive program of tech- 
nical sessions and a wide variety of inspec- 
tion trips, as well as a number of interesting 
social events ( pages 896-900). Included in 
this issue also are short authors’ digests of 
most of the conference papers presented at 
the meeting (pages 879-89). 


To Be or Not to Be? The question in this 
instance is whether or not the AIEE should 
remain a strictly scientific and educational 
organization and is considered by AIEE 
President James F. Fairman (page 829). 
The subject also has aroused a great deal of 
interest among the membership with opin- 
ion about evenly divided pro and con. In 
an effort to ascertain which course should 
be followed, the Board of Directors seeks the 
views of AIEE members and a convenient 
ballot is provided for that purpose (page 
890). 


AIEE Technical Subcommittees. A list- 
ing of the Institute’s some 120 technical 
subcommittees, together with their scopes 
and personnel where such have been re- 
leased, are included in this issue (pages 
906-19). This is in completion of the list 
in the September issue (EE, Sep ’49, pp 
790-804; 808-17) which presented Institute 
officers and the personnel of the main 
AIEE committees, both general and tech- 
nical, as well as the scopes of the latter. 


Fall General Meeting. The 1949 Fall 
General Meeting of the Institute (formerly 
known as the Midwest General Meeting) 
will be held in Cincinnati, October 17-21. 
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In addition to the fine technical program 
which has been arranged, of special interest 
should be the variety of inspection trips 
which include the Baldwin Company, 
manufacturers of pianos; ‘the General 
Motors Fisher Body Plant; the Procter and 
Gamble Company; and the Oakley Colony, 
center of machine tool production (pages 
891-4). 


Nucleonics Conference. The second an- 
nual Conference on Electronic Instrumen- 
tation in Nucleonics and Medicine, spon- 
sored jointly by the AIEE and the Institute 
of Radio Engineers, will be held in New 
York (pages 895-6). 


Léon Thevenin. Almost every engineer 
is familiar with Thévenin’s famous theorem, 
but few know anything of the theorem’s 
originator. This brief article presents 
some of the highlights of the career of 
Léon Thévenin, who was born in Meaux, 
France, in 1857, and died in Paris in 1926 
( pages 843-4), 


High-Voltage Cable Transmission, 
“Ideas that today are visionary and not 
in the economic range, eventually may pro- 
vide the necessary means for improving the 
utilization of high-tension cable transmis- 
sion.”? Such ideas include the use of poly- 
ethylene or other new synthetic materials 
extruded over the conductor, the use of low- 
cost liquids such as water as the pressure 
medium, or perhaps the utilization of a 
pipe of a nonmetallic material (pages 
875-6). 


Garrison Dam Power. As far back as 
1900, the Corps of Engineers was investi- 
gating schemes for utilizing the mighty 
Missouri River, but it was not until 1943 
that a comprehensive basin plan was formu- 
lated. Features of the Garrison Dam near 
Bismarck, N. Dak., one of the key units 
of the plan, are discussed by the head of the 
Corps’ Electrical Mechanical Design Sec- 
tion (pages 847-52). 


Magnetic Recording. With increasing 
attention being given to those factors which 
limited the performance of early magnetic 
recording systems, magnetic recording has 
assumed an established position in many 
fields of application. This article discusses 
some of the techniques which contribute to 
high quality in such systems, and points out 
some of the limitations, together with sug- 
gestions as to how they may be overcome 
( pages 836-47). 


Flourescent Lighting. Because of their 
low power consumption combined with 
high brightness output, flourescent lamps 
helped win World War II. These lamps 


AIEE Proceedings 


Order forms for current AIEE Proceedings 
have been published in Electrical Engineering 
as listed below. Each section of AIEE 
Proceedings contains the full, formal text of a 
technical program paper, including discus- 
sion, if any, as it will appear in the annual 
volume of AIEE Transactions. 

AIEE Proceedings are an interim member- 
ship service, issued in accordance with the 
revised publication policy that became effec- 
tive January 1947 (EE, Dec 46, pp 567-8; 
Jan °47, pp 82-3). They are available to 
AIEE Student members, Associates, Mem- 
bers, and Fellows only. 

All technical papers issued as AIEE Pre- 
ceedings will appear in Electrical Engineering 
in abbreviated form. 


Location of 


Order Forms Meetings Covered 


Pacific General 
Middle Eastern District 


Midwest General 
Southern District 


Winter General (1949) 


South West District 
Summer General 


Oct °48, p 43A 


Dec ’48, p 35A 
Apr °49, p 25A 
Jul ’49, p 47A 


ee eS eS 


made far more efficient use of the limited 
power available than the incandescent 
variety, thus freeing valuable energy for 
other duties. And even greater savings in 
power are indicated for the future. 
“Fluorescent lamps of 1949,” this author 
states, ‘“have reached only one-third of the 
maximum theoretical efficiency for the 
production of white light’’ (pages 857-60) 


Guide for Applying Low-Voltage Air 
Circuit Breakers. Giving recommenda- 
tions for determining short-circuit currents 
on d-c and a-c circuits and requirements for 
cascade and selective trip arrangements of 
circuit breakers, this AIEE Committee 
Report supplements the Standards on this 
subject ( pages 852-4). 


Semiconductor Rectifiers. Based upon 
four papers presented at a symposium held 
during the Summer General Meeting in 
Swampscott, this article provides a “‘quali- 
tative discussion of the theories of rectifica- 
tion and noise generation in metal-semi- 
conductor contacts’’ (pages 865-72). 


Responsibilities of the Engineer. This 
significant and timely address before the 
Pacific General Meeting in San Francisco 
reminds the engineer of his social and eco- 
nomic responsibilities, warning him that 
he must take time out from his gadgets and 
his textbooks to assist in the fight for the 
preservation of human dignity and freedom 
against the threat of collectivism and 
totalitarianism that is engulfing the world 
today (pages 830-3). 
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TAILORED- 
TO-FIT 


READY-TO-USE 
SLOT INSULATORS 


There’s no waste of time or material, no strug- 
gling to fit inaccurately cut insulating pieces— 
when you use Inmanco tailored-to-fit slot insu- 
lators. High-speed, specially designed equipment 
pre-forms Inmanco insulation accurately and eco- 
nomically. No further cutting or fabricating is 
necessary. Y our assemblers quickly put the ready- 
to-use pieces into place... and your production 
increases, labor time decreases, and costs drop! 


Inmanco Slot Insulators can be supplied to 
your exact specifications in any of fourteen 
standard styles: ordinary flat, scored flat, flat- 
bottom formed, or round-bottom formed—all 
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either uncuffed, single-cuffed, or double-cuffed. 
Papers available include Manning 100 and 300 Rag 
Papers, Manning 200 and 50 Part Rag Papers, Hol- 
lingsworth and Vose Groton Tan and Red Pure Wood 
Pulp Papers, Acetate-Covered Papers, and other elec- 
trical insulating papers. 


To start saving time and money, contact 
the nearest office listed below and ask for 
the free 8-page Inmanco Slot Insulator 
Bulletin. It will help you to select the 
right style and material for your specific 
requirements. 
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The Standard 
Transformer 2: 
Compan 


| he Standard Transformer Company, Warren, Ohio, uses only high 
grade insulating materials in the transformers they build because 
they know how much these materials contribute to their performance 


—their long life, dependability, and surge proof qualities. 
Natvar 400, approved for continuous operating temperatures of 
105°C., gives lasting insulation and protection because of its uni- 


formly superior resistance both to high temperatures and to oil. 


Natvar 400 and other Natvar flexible electrical insulations are avail- 
able for immediate delivery, either from your wholesalers stocks 


or from our own. 
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It cost Standard Gypsum Company of 
California about $700 per hour every 
time heavy overloads caused the 25 
h.p. motor driving screw conveyors in 
the mixing house to fail. And such 
expensive motor failures’ were occur- 
ring every 30 to 60 days until the 
silicone insulated 10 h.p. motor shown 
above was installed in December, 1948. 


This silicone insulated motor is only 
about 4 the size and weight of the 
motor formerly used, yet, it is still 
performing the same work after 8 
months without failure. That’s what is 
meant when we say Dow Corning Sili- 
cone Electrical Insulation gives you 
more power per pound, greater relia- 
bility, reduced maintenance costs and 
increased production. 


Every day, more and more engineers 
are specifying DC Silicone Electrical 
Insulation in motors exposed to exces- 
sive heat, moisture, or heavy over- 
loads. If you would like to learn why 
these engineers are relying on Silicone 
Insulation, phone our nearest branch 
office or write for booklet M-10 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


Atlanta « Chicago « Cleveland « Dallas 
Los Angeles * New York 
In Canada: Fiberglas Canada, Ltd., Toronto 
In England: Albright and Wilson, Ltd., London 


Photo courtesy Standard Gypsum Company of California 
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Soreng Builds New Plant. The Soreng 
Manufacturing Corporation, of Chicago, 
Ill., will celebrate the 25th anniversary of 
its existence, in October, by moving into a 
completely new, modern one-story plant 
in Schiller Park, a Western suburb of 
Chicago. The plant has an area of ap- 
proximately 60,000 feet, and is almost 
self-contained from raw products to finished 
assemblies, 


National Electronics Purchases Liquid 
Carbonic Equipment. National Elec- 
tronics, Inc., Geneva, Ill., has purchased 
the high-capacity resistance welding equip- 
ment formerly used by Liquid Carbonic 
Corporation, at Morrison, Ill., in the pro- 
duction of refrigerators. (The Liquid 
Carbonic factory building was sold earlier 
this year to General Electric). This equip- 
ment is being installed at National’s new 
plant in Geneva, and will be used in the 
production of industrial rectifier, thyratron, 
and mercury pool tubes. 


Duquesne Light Company Assigns Con- 
struction Contract to Dravo. The Dravo 
Corporation has been awarded the contract 
as construction agent for the $28,000,000 
power plant of the Duquesne Light Com- 
pany, Pittsburgh, Pa., to be built at Elrama, 
Pa., four miles above Clairton on the 
Monongahela river. The plant will con- 
tain two 95,000-kw steam turbine genera- 
tors, largest to be specified for the Duquesne 
light system, and will add 190,000 kw to 
the system’s present 802,000 kw capacity, 
an increase of more than 23 per cent. 
Currently being designed by the Duquesne 
Light’s engineering staff, the plant is 
scheduled to be under construction by 
Dravo early next year; completion date 
will be about mid-year 1952. Plans for the 
power station include electrostatic dust 
precipitators on the two boilers. The 
boilers, each capable of supplying 900,000 
pounds of steam per hour at a pressure of 
1,250 pounds per square inch at a tempera- 
ture of 950 degrees Fahrenheit, will power 
the generators. 


Howard and Gould Company Formed. 
Carl G. Howard (M’36), and John P. 
Gould have consolidated their own manu- 
facturers’ agencies to form the Howard 
and Gould Company, with offices at 105 
West Adams Street, Chicago, Ill. The 
new company will represent several manu- 
facturers of electrical and electro-mechani- 
cal products in the railway, utility, com- 
munication, and industrial fields through- 
out the central wést, formerly represented 
individually by the two partners. 


Pioneer Service and Engineering Elec- 
tion. George W. Knourek, formerly Vice- 
President and Treasurer of Standard Gas 
and Electric Company, has joined the staff 
of Pioneer Service and Engineering Com- 
pany, Chicago, Ill., as Vice-President and 
Director. Mr. Knourek will be in charge 
of the Department of Finance and Accounts 
of the company. 
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Connecticut Mechanical Firms Merge. 
Seven well-known Connecticut tool and die 
and contract manufacturing shops with 
assets of more than $1,000,000, have joined 
forces in a new corporation to be known as 
the Connecticut Mechanical Industries, 
Inc., with headquarters at 390 Capitol 
Avenue, Hartford, Conn. The combined 
resources of the new corporation will give 
a lift to the sharp business decline small 
tool and die firms have experienced since 
the end of the war, and companies will not 
have to go outside Connecticut to find tool 
and die firms able to handle the larger 
contracts. Officers of the corporation are 
as follows: President, John H. Dowd, 
President of the Johns-Hartford Tool Com- 
pany; Vice-President, Herman Fink, Presi- 
dent, Cooperative Tool and Machine 
Company; Treasurer, Charles Neumann, 
President, Argus Engineering Company; 
Secretary John I. Carlson, Treasurer, 
Cooperative Tool and Machine Company. 


NEW PRODUCTS e e 


Portable Harmonic Generator. The 
Special Products Division of the General 
Electric Company, Schenectady, 5, N. Y., 
has developed a portable harmonic gen- 
erator, for the demonstration of wave 
shapes and properties of electric circuits, 
to be used in instructing science and engi- 
neering students in the theories of wave 
formation. The portable equipment con- 
sists of six voltage-generating units mounted 
on a single shaft and driven by a syn- 
chronous motor. The outputs obtained are 
a fundamental voltage and five harmonic 
voltages having frequencies two, three, four, 
five, and seven times that of the funda- 
mental voltage. Range is from zero to 360 
degrees. Further information of the gener- 
ator may be obtained by writing to the 
company. 


Ultrasonic Analyzer. Panoramic Radio 
Products, Inc., 10 South Second Avenue, 
Mount Vernon, N. Y., has developed a new 
panoramic system, available in an instru- 
ment called the panoramic ultrasonic 
analyzer, Model S'B-7, which enables obser- 
vation of the frequency and amplitude of 
one or many ultrasonic signals at one time. 
Indications are obtainable for signals be- 
tween 2 kc and 300 ke in the form of 
vertical deflections distributed across a 
cathode-ray tube screen, calibrated hori- 
zontally in frequency and vertically in 
amplitude to provide direct readings of 
these values. Other characteristics are a 
continuously variable scanning width from 
a 200-kc maximum to zero; full scale de- 
flections for input voltages between 1 
millivolt and 50 volts; signal amplitude 
ratios as high as 300 to 1 are measurable; 
a linear and 2-decade log amplitude scale; 
and a continuously variable resolution, 
enabling analysis of signals separated by as 
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Write today for data on versatile Du Pont polythene 
plastic! Easy to mold, extrude and fabricate . . . offers a re- 
markable combination of properties to the electrical industry. 
E. I. du Pont de Nemours & Co. (Inc.), Plastics Dept., 
Main Sales Offices: Empire State Bldg., New York 1, N. Y.; 
7 South Dearborn St., Chicago 3, IIl.; 845 East 60th St., 
Los Angeles 1, Calif. 

Line wire covered with Du Pont polythene made by 
Anaconda Wire & Cable Co., N. Y. C.; Phelps Dodge Cop- 
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Plastics 


BETTER THINGS FOR BETTER LIVING 
. THROUGH CHEMISTRY per Products Corp., Yonkers, N. Y.; Rome Cable Corp., 


Rome, N. Y. 
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Charger that is 


Here’s a Battery 


@ All components in one 
cabinet 


e@ No separate units to 
install 


@ Cuts installation costs 


Lib 
ae) THERMISTOR, 
STANDARD 
RR 


dak 


(ctanable 
Ree 


tarting contactor, voltage and current controls, transformer, filter 
components, rectifier, meters and protective devices—all components 
necessary for battery charging and control are contained in the heavy 
sheet metal cabinet of the PECo Battery Charger . . . Compact design 
eliminates the necessity of installing separate starter and control panel 
and the interconnection of power and control circuits... 
AC input and DC output leads may be brought in from 
the top, simplifying conduit installation ... There are no 
moving parts .. . No fans or other ventilating equipment 
required . . . No special foundations necessary. 


Write for full information. 
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little as 500 cycles per second. Further 
information is available from the company. 


Weld Energy Comparator. Westinghouse 
has announced a new energy comparator, 
which gives a visual, or audible, or visual 
and audible signal. The comparator has 
been designed to check weld energy con- 
sistency on applications where high-quality 
welds are a must, as in the fabrication of 
high-alloy stainless steel used on jet engines, 
and is recommended for weld time ranges 
of 30 cycles and below. Additional infor- 
mation may be obtained from the Westing- 
house Electric Corporation, Box 868, 
Pittsburgh 30, Pa. 


400 Cycle Regulators. Sorensen and 
Company, Inc., 375 Fairfield Avenue, 
Stamford, Conn., has developed a group 
of a-c line electronic voltage regulators and 
d-c power supplies that will work from a 
115-volt a-c, 400-cycle source. The units 
are compact and light weight, having been 
specially designed for use in_ aircraft. 
Specifications are as follows: input voltage 
range, 95-215 volts alternating current, 
400 to 800 cycles; output voltage, adjust- 
able between 100-120 volts, alternating 
current; regulation accuracy, 0.5 per cent; 
power factor range, down to 0.7 power 
factor. Single-phase a-c regulators are 
available to 50, 500, 1,200, 2,000, and 
2,500 volt-amperes. Additional specifica- 
tions may be obtained upon request to the 
company. 


Beta Gauge. ‘Tracerlab has announced 
development of the S/4-3 Beta Gauge, the 
second of a series of industrial measuring 
and control instruments using radioactive 
isotopes. ‘The essential components of the 
gauge are a source of beta radiation from 
Strontium-90 and a radiation detector. 
The sheet material to be measured is inter- 
posed between the source and the detector 
and a part of the radiation is absorbed by 
the sheet material in proportion to its 
weight per unit area. Designed for use in 
small production lines, where initial cost 
must be kept to a minimum and in proc- 
esses where manual standardization can be 
carried out without seriously interfering 
with production, this instrument will 
measure the weight per unit area of con- 
tinuously moving sheets of material up to 
700 milligrams per square centimeter, and 
provide an indication when manufacturing 
tolerances are exceeded. Further infor- 
mation is available from the manufacturers, 
Tracerlab, Inc., 130 High Street, Boston 10, 
Mass. 


Impedance Bridge. Brown  Electro- 
Measurement Corporation, 4635 S, E. 
Hawthorne Boulevard, Portland 15, Oreg., 
has announced a portable universal im- 
pedance bridge, Model 250-A, which can 
measure resistance, capacitance, and in- 
ductance over the following ranges: resist- 
ance, 1 milliohm to 1 megohm; capaci- 
tance, 1 micromicrofarad to 100 micro- 
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Add te the complex requirements of a 
high voltage bushing, the extra demands 
imposed by retaining oil at a constant 
pressure of 200 pounds, and you will ap- 
preciate the high degree of specialization 
involved in O-B Oilostatic Potheads. 


Shown here are two installations of these 
Potheads at opposite ends of a 9.25-mile 
circuit connecting the Southwark Gener- 
ating Plant and Westmoreland Substation 
of Philadelphia Electric Company. Some 
of the characteristics of this installation 
are briefly described by the makers of 
Oilostatic cable, The Okonite Company.... 
“Voltage, 66 kv, 880 amperes, 105,000 
kva rating. Load factor, 90 per cent. Three 
conductors in single 63-inch pipe. Con- 
ductor size, 1,500,000 cir mils. Copper 
temperature, 75 degrees C. Insulation 
thickness, 0.35-in. And, equipped with...” 


ee 


POTHEADS 


AN ESSENTIAL PART OF 
OILOSTATIC CABLE 


MANSFIELD, OHIO 
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portable impedance bridge may be ob- 
tained upon written request to the manu- 
facturer. 
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farads; inductance, 1 microhenry to 100 
henrys; storage factor (Q—X/R), 0.002 
to 1. Frequency of internal generator is 
1,000 cycles per second accurate within 
five per cent, and it is powered by four 
standard ‘‘D”’ flashlight cells which will 
give approximately 100 hours of service. 
Additional specifications concerning the 


Waterproof ElectricalCoupling. A quick- 
disconnect electrical coupling for all- 
weather and submarine applications is a 
new development of Roylyn Inc., known 
as the 7600 Series, the coupling has been 
designed to meet the rigid requirements of 


PHOTOELECTRIC RECORDER 


ACCURATE \ 
REcoRDsS ) < 
LIKE THIS 


can help solve your problems, too 


Here the General Electric photoelectric recorder is being used with an electric tachometer to record 
minute variations in the speed of a motor under development for the textile industry. It is part of an 
experiment with a tensiometer aimed at achieving uniform “winding tension’ for weaving bobbins. 
This should lead to greater production and better woven products. The G-E photoelectric recorder is 
playing a vital part in this development. 


EXAMINE YOUR DEVELOPMENT AND PRODUCTION OPERATIONS— 
then consider the G-E recorder. It can help you solve many problems by supplying accurate, high- 
speed records of phenomena such as— 

Current 
Pressure 


Voltage 
Strain 


Temperature Light Thickness 
Air Flow Vibration Speed 
Magnetic Flux—or almost any other quantity that can be measured by an indicating instrument. 


EXTREMELY SENSITIVE—This versatile instrument comes in two basic forms, a deflection 


type using a pivoted or suspension-type measurement instrument, and a potentiometer type operating 
on the null-balance principle. Both types are sensitive far beyond the range of ordinary recording 


| 


instruments. 


HIGH-SPEED RESPONSE—The photoelectric balancing system rapidly moves the recording 
mechanism to follow exactly the deflection of the measuring instrument or null-balance detector. 
Yet, it imposes virtually no additional burden on the circuit. 


WIDE RANGE OF CHART SPEEDS AND SENSITIVITIES—Chart speeds range 
fron Y2 inch per hour to 72 inches per minute. Response speeds can be as fast as 4 second for 
full-scale deflection. And sensitivities can be obtained for values as low as 1.0 microampere full scale. 


Full details on the other advantages of these instruments, plus operating principles, ratings, prices, 
etc. are contained in Bulletin GEC-254. Write for your copy today. Apparatus Department, General 
Electric Company, Schenectady 5, N. Y. 


GENERAL wo) ELECTRIC 
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public services and various industries re- 
quiring a heavy duty electrical connector 
that is impervious to moisture and capable 
of withstanding long periods of complete 
immersion under high external pressure 
without leakage. For further details, 
write to Roylyn Inc., 718 West Wilson 
Avenue, Glendale 3, Calif. 


Heavy-Duty Soldering Gun. The Weller 
Manufacturing Company, 808 Packer 
Street, Easton, Pa., has brought out a new 
model soldering gun capable of handling 
250 watts. Designated Model WD-250, 
the new gun is suited to all electrical, tele- 
phone, commercial, and industrial solder- 
ing. Complete information on the Weller 
gun is available from the company. 


New Calidyne Developments. The Cali- 
dyne Company has announced three new 
products: 1. An electro-dynamic shaker, 
Model 6, designed specifically to give a high 
force output, used for generating oscillatory 
linear motions or forces in vibration reso- 
nance testing, fatigue strength determina- 
tion and in other applications where large 
vibratory forces over a wide frequency 
range are required. Maximum force rat- 
ing, at any frequency, is +25 pounds; 
power output at 60 cycles per second is 
3/8 horsepower. 2. A Model 78 d-c 
accelerometer, which allows direct opera- 
tion of voltage and current sensitive indica- 
tors and recorders to higher frequency 
ranges than before possible without addi- 
tional amplifying equipment. Pickups hav- 
ing natural frequencies from 80 to 450 
cycles per second have a corresponding 
range of sensitivities from 15 to 0.21 volts 
per gravity acceleration, and acceleration 
ranges from 9 to 70 grams. Natural fre- 
quencies as high as 1,700 are obtainable. 
The accelerometers can furnish as much a 
400 microamperes into 1,000 ohms im- 
pedance or 20 volts into 1 megohm at full 
range output without amplification. 3. 
The Calidyne Model 23 Calivolter, a 
laboratory standard source of potential for 
use in the calibration of amplifiers, indicat- 
ing and recording systems, transformer 
gains and meter sensitivities from direct 
current to 100,000 cycles per second, when 
powered by a suitable battery or oscillator. 
Further information on all of the above 
instruments is available from The Cali- 
dyne Company, 751 Main Street, Win- 
chester, Mass. 


Ribbon Solder. The Proved Products 
Manufacturing Company, Drawer 1190, 
San Fernando, Calif., has introduced a 
new type of ribbon solder, a low-melting 
3/8-inch flux-containing ribbon which can 
be applied with heat from an ordinary 
match or a soldering iron, Additional 
descriptive literature is available from the 
company. 


Anemotherm Air Meter. The Anemostat 
Corporation of America has announced 
development of a new Anemotherm air 
meter, which is used to measure air velocity 
from 10 feet per minute to 6,000 feet per 
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SMALLER, LIGHTER, LESS EXPENSIVE 


HIGH VOLTAGE D-C CAPACITORS 


Glass-to-metal 
terminal seals 
< pioneered and > 
perfected by 
Sprague 


NOTE THE SIZES AND RATINGS! 


Standard Vitamin Q Capacitors. Many 
special sizes and ratings also available. 


Rated 
Cap. 
Mfds. 


D-C} DIMENSIONS 
Rated Can Terminal Cat. 
Voltage Width Depth Height Height No. 


2.0 8000 BY 4 6 2% 
4.0 8000 BY, 4Vs 9” 2% 
6.0 8000 8Ys 4Ve 13 2% 
10.0 8000 13% 4%, 13Ys 2% 
12.0 8000 13% 5V% 12% 2% 


31"%,6 
31%6 
31%6 
31"%6 
3) 


31l46 
316 
36 
3'Ye 


4%e6 
46 
416 


1.0 20000 13% 4% WW 4'"6 
1.5 20000 13% 5% 12% 416 


a a A RSE A AE, 


25P51 
25P52 
25P53 
25P54 
25P55 


1.0 10000 BY 4Vs 5, 
2.0 10000 8Ys 4s 82 
4.0 10000 134% 4% 9% 
6.0 10000 132 4%, 13%. 
8.0 10000 13% 5% 12% 


25P56 
25P57 
25P58 
25P59 
25P60 


1.0 12500 Ys 4s 72 
2.0 12500 BY 4s 12% 
4.0 12500 13% 5%, 11% 
5.0 12500 1342 5% 13% 


25P61 
25P62 
25P63 
25P64 


1.0 16000 BY 4Ve 
2.0 16000 1342 4 
3.0 16000 13% 5% 


25P65 
25P66 
25P67 


10% 
12% 
13% 


25P68 
25P69 


{Capacitors with voltage ratings above 10 KV are recommended for upright 
mounting only. For mounting in other positions, please supply complete application 
data for recommendation by Sprague engineers. 


Use an ordinary capacitor rated for 
40°C. operation on a high-voltage d-c 
filtering circuit and chances are the higher 
temperatures encountered will necessi- 
tate a serious de-rating. In other words, 
you will have to buy a larger, heavier and 
costlier capacitor than you actually need. 

Standard Sprague high-voltage capaci- 
tors impregnated with Vitamin Q, how- 
ever, are rated conservatively for operation 
at 85°C. They require no de-rating up to 
this temperature. Special units can be sup- 
plied for continuous use up to 105°C, 


These capacitors are consistently superior 
in their ability to maintain a high degree 
of capacitance-temperature stability. 
Power factor is outstandingly low over a 
wide temperature range; d-c insulation 
resistance is notably high; and a-c ripple 
voltage at audio frequencies falls well 
within permissible limits. Equally impor- 
tant, Vitamin Q impregnated capacitors 
have a high safety factor at all tempera- 
tures, thus assuring long life. 


Write for Sprague Engineering Bulletin 203. 


VITAMIN @ 
CAPACITORS 
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INSUWLATISID to withstand 


continuous temperature of 


National's Silicone electrical insulating materials meet 
AIEE Class H specs. They boost the Class B 266° F. 
continuous operation maximum to 356° F. They include 
tapes, tubings, varnishes, cloths, sheets, adhesives and 
laminates. National Silicone Mica-Glas Tape is made 
just .0035” thick. All National Class H components have 
high dielectric strength, high flexibility, long life; they 
contain practically NO organic materials. 


Insulation Catalog No. 494. 
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ELECTRICAL ENGINEERS: MAKERS OF 
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STODDART NM-20A 


RADIO INTERFERENCE AND 


@ A portable unit that you can DEPEND 


34A 


upon! Designed especially to with- 
stand the rigors of all-weather field 
operation and yet provide reliable 
performance. 


Measures FIELD INTENSITIES of radio 
signals and r.f. disturbances using 
either a rod antenna or a rotatable 
loop antenna. 


May be used as a two-terminal r.f. 


Send for our 


Conductor: 
Copper wire 


Conductor 
insulation: 
Silicone 
Mica-Glas Tape 


Ground 
insulation: 
Silicone 
Mica-Glas Tape 


Ground 
insulation: 
Silicone Mica- 
Glas Wrapper 


Outside tape: 
Silicone 
Fiberglas Tape 


Finish: 
Silicone 
Varnish Used 
Exclusively 


NATIONAL FLECTRIC ((OIL (COMPANY 


OHIO, U. S. A. 


REDESIGNING AND REPAIRING OF 
ROTATING ELECTRICAL MACHINES 


“FIELD INTENSITY METER 


voltmeter (balanced or unbalanced), 
frequency selective over the CON- 
TINUOUS RANGE 150 ke to 25 mc. 


ONE MICROVOLT SENSITIVITY as a 
two-terminal voltmeter; 2 microvolts- 
per-meter using rod antenna. 


Operates from self-contained dry bat- 
teries or external A.C. power unit 
providing well-regulated filament and 
plate supplies. 


Write for complete technical data 


STODDART AIRCRAFT RADIO CO. 


Main office and plant: 
6644 Santa Monica Blvd. 
Hollywood 38, Calif. 
Phone: Hillside 9294 
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8-247 General Motors Bldg. 
Detroit 2, Michigan 
Phone: Trinity 1-9260 


1346 Connecticut Ave. 
duPont Circle Bldg. 
Washington 6, D. C. 
Phone: Hudson 7313 
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minute, in increments as small as 2!/, feet 
per minute. The instrument also measures 
air temperatures from 30 degrees Fahren- 
heit to 155 degrees Fahrenheit, with an 
accuracy of about one-third of a degree; 
and static pressures directly in terms of 
inches of water, from zero to four negative 
and zero to ten positive, with an accuracy 
of better than .05 inch at lower range. 
More details concerning the air meter may 
be obtained from the company at 10 East 


39th Street, New York 16, N. Y. 


TRADE LITERATURE 


Microwave Test Equipment Catalog. 
The Polytechnic Research and Develop- 
ment Company, Inc., 202 Tillary Street, 
Brooklyn 1, N. Y., has issued a 73-page, 
fully illustrated catalog containing its com- 
plete line of new precision microwave test 
equipment. Copies of the catalog are 
available upon request to the company. 


Silicone Notes. Silicone greases as ball 
bearing lubricants are described in two 
publications put out by the Dow Corning 
Corporation. Silicone Notes number D-5 
on “Dow Corning Silicone Greases’’ gives 
the properties, performance, and uses of 
these heat-stable and oxidation-resistant 
silicone lubricants; Silicone Notes number 
D-6 contains information on ‘‘How to Use 
DC 44 Silicone Grease in the Bearings of 
Electric Motors.’’ Copies may be obtained 
from the company at Midland, Mich. 


United States Rubber Catalog. A new 
28-page catalog giving detailed design, 
engineering and performance data for its 
line of transmission belting has been pub- 
lished by the mechanical goods division of 
the United ‘States Rubber Company. 
Tables on belt speeds, arc of contact, fric- 
tion, horsepower correction, and service 
factors are included in the manual, to- 
gether with hints on the proper selection 
of a belt and the procedure for analyzing 
belt drives. The catalog is available by 
writing {to the company at Rockefeller 
Center, New York 20, N. Y. 


“Pocket Engineer” Rules of thumb for 
answering three main questions concerning 
capacitors and for applying power-factor- 
improvement are now available in wallet 
card-size from the General Electric Com- 
pany, Apparatus Department, Schenec- 
tady, N. Y. By using this card, engineers 
can quickly compute the answers to the 
questions: How many kilovars?; What 
power factor?; and How much voltage 
rise? In each case, simplified diagrams 
illustrate the formula that will allow quick 
computation to answer each problem. 
Copies of the card, GE.N-22, are available 
upon request. 


Trumbull Releases. The ‘Trumbull Elec- 
tric Manufacturing Company has issued 
three new brochures: ““Type ‘D’ Enclosed 
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he practice of dividing load-regulation between 

several generating stations is actually over five 
years old, on some systems and in our experience with 
the instruments. For it was in 1944, in a southern 
load-dispatcher’s office, that the above panel was put 
to work. The office faced the problem of preventing 
unwarranted deviations from the scheduled net inter- 
change across three tie lines, and the panel of instru- 
ments was installed to help prevent such deviations, 
while dividing the required load regulation between 
two generating stations. 

In addition to the L&N Load-Frequency Controller, 
which is doing the “‘talking”’ in the above illustration, 
the panel has the following instruments: At top, three 
Tie Line Load Recorders, which show actual power 
flow on the lines; a Recorder for net deviation from 
schedule on the three ties; a system Frequency Re- 
corder; and two Recorders, for generation at the two 
stations. 


TIE LOAD 
7 


SYSTEM 
FREQ’Y | 


GEN. | 
STA “RB” 


Operation can be summarized as follows: Suppose 
that the approximate generation on the two regulating 
stations is nominally 100,000 Kw, exclusive of the 
regulating burden which is plus or minus that figure. 
Suppose also that efficiency dictates about 70,000 for 
one station and 30,000 for the other. The great value 
of the panel then is this: By merely setting dials in the 
instruments, the system operator can assign the nomi- 
nal load 70-30, while assigning the plus or minus regu- 
lating burden 2 to 1, or in any other ratio he sees fit. 
He can thus maintain the scheduled interchange while 
dividing the regulation. 

A similar control set-up, with appropriate additional 
instruments, could of course handle any number of 
regulating stations. For a general description of the 
instrumentation, and of other types of regulation it can 
provide, ask for our Technical Publication N-56-161-(1). 
Address Leeds & Northrup Co., 4962 Stenton Ave., 
Philadelphia 44, Pa. 
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ANEW’ SMALL 
REVERSING CONTACTOR 


. .- @ result of three years. 
experience in actual s 


for Continuous 


Duty Control 


OF EITHER AC OR DC 
EQUIPMENT 


Ideal for “Built-in” applications... 
Completely serviceable from the front 


Tee FIRST small reversing contactor, 
introduced by Struthers-Dunn over 3 
years ago, represented a big improve- 
ment over existing methods of control- 
ling hoists, door operators and similar 
equipment. The design of this new 
contactor, Type 175K XX is based on 
broad experience in applying the orig- 
inal unit and incorporates still further 
advantages including greater rugged- 
ness and the ability to withstand con- 
tinuous service. Ratings are as follows: 


AC single phase: 1 hp. 115 or 230 volts 
AC polyphase: 2 hp. 110 or 220 volts 

1 hp. 440 or 550 volts 
Direct current: 1 hp. 115 or 230 volts 


Two 3-pole solenoids, for forward 
and reverse operation, are mountedona 
common frame and mechanically inter- 
locked to prevent simultaneous closure. 
Contacts are completely insulated with 
melamine. Open arc chutes allow rapid 
cooling and escape of ionized gases. 


Auxiliary contacts can be added for 
electric lock-up or interlock. All fixed 
contacts are interchangeable as are the 
moving contacts and corresponding 
parts on each solenoid. All parts are 
easily replaceable from the front. 


Write for Data Bulletin 7100. 


STRUTHERS- DUNN 


Struthers-Dunn, Ine., 150 N. 13th St., Philadelphia 7, Pa. 
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Switches;’’ ‘IT’ Manual Starters;’’? and 
““Type A Style A Enclosed Safety Switches.’’ 
Specifications, dimensional data and illus- 
trations of the instruments are given in 
detail. Copies may be obtained by writ- 
ing to the company at Plainville, Conn. 


Farm Electrification. The Westinghouse 
Electric Corporation, 306 Fourth Avenue, 
Box 1017, Pittsburgh 30, Pa., has issued a 
new 15-page booklet, “How to Apply 
Motors and Controls to Farm Jobs,’’ which 
contains practical information on _ the 
application of motors and controls to spe- 
cific farm operations; the basic functions of 
the portable motor and motor controls; 
and the advantages of electrical farm power. 
For a copy of booklet 4755, write to the 
company. 


Oil Circuit Breaker Bulletin.  Allis- 
Chalmers has released a new bulletin, 
71B6129D, which describes types DZ- 
60,100, and 200B Allis-Chalmers oil circuit 
breakers. The bulletin is available from 
Allis-Chalmers at Milwaukee, Wis. 


Low Voltage Control Manual. ‘The 
Square D Company has described their 
new selector switch control and a redesigned 
master control contactor for use with their 
24-volt system, in a new manual, ‘“‘Low 
Voltage Control.’’ The publication is 
available upon request to the Square D 
Company, 6065 West Third Street, Los 
Angeles 36, Calif. 


Minneapolis-Honeywell Bulletins. The 
Minneapolis-Honeywell Regulator Com- 
pany, Belfield Valve Division, at Wayne 
and Roberts Avenues, Philadelphia 44, Pa., 
has issued three new pamphlets. Bulletin 
number 48-7 describes liquid level con- 
trollers; bulletin 254-7 describes the opera- 
tion and construction of the Schaefer 
By-Pass for traps, valves, and other pressure 
units, as well as the Union Bonnet type 
for general marine service; and bulletin 
number 350-7 offers dimensions and operat- 
ing data on the Belfield “On-Off” air- 
operated diaphragm control valve. Copies 
will be sent upon request to the company. 


Rectifier News. The “Rectifier News” 
is a four-page periodical published bi- 
monthly by the International Rectifier 
Corporation, devoted to current informa- 
tion on selenium dry-disc rectifiers. Any- 
one wishing to receive the publication 
regularly should contact Mr. Philip 
Diamond, Application Engineer, Interna- 
tional Rectifier Corporation, 6809 South 
Victoria Avenue, Los Angeles 43, Calif. 


Cable Data Book. The Aluminum Divi- 
sion of the Permanente Products Company, 
1924 Broadway, Oakland 12, Calif., has 
issued a data book on Kaiser aluminum 
cable, steel reinforced, and all aluminum 
cable, which presents detailed information 
on the physical and electrical properties of 
Kaiser aluminum cable, as well as the elec- 
trical conductor standards on which the 
tables are based. Copies of the booklet will 
be sent upon request to the company. 
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AIEE Proceedings. The latest AIEE 
Proceedings order form appears in the 
advertising section of this issue (pages 
51A—52A). This form lists technical pro- 
gram papers presented at the AIEE 
Pacific General Meeting held in San 
Francisco, Calif., August 23-26, 1949; 
and the AIEE Fall General Meeting held 
in Cincinnati, Ohio, October 17—21, 1949. 
A list of order forms for Proceedings sections 
now being honored appears elsewhere on 
this page. 


Section and Branch Activities. Growth 
of the Institute in its Section and Branch 
activities is reflected in the annual report 
for the year ending April 30, 1949, which 
appears in this issue. Some idea of the 
magnitude of Institute operations can be 
gained from the fact that 85 Sections, 
114 technical groups, and 49 Subsections 
held 1,613 meetings, and 1,405 meetings 
were held by the Institute’s 129 Branches 
during that period (pages 7007, and 1006-07). 


New Section Chairmen. Most of the new 
AIEE Section Chairmen are introduced to 
the membership in this issue (pages 7002-05). 


Winter Meeting. Plans for the AIEE 
Winter General Meeting which is to be 
held in New York, N. Y., January 30- 
February 3, 1950, are in the formative 
stage at present. A list of hotels and their 
rates appears in this issue (page 7000). 


ECPD Accrediting Program. One of the 
primary activities of the Engineers’ Council 
for Professional Development is the ac- 
crediting of engineering curricula in col- 
leges and technical institutions. Since the 
establishment of the ECPD in 1932, some 
700 curricula in engineering schools 
throughout the country have been ap- 
praised (pages 959-60). 
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New Frequency Assignments. With the 
recent reclassification of all mobile ser- 
vices, the operators of mobile-radio sys- 
tems are faced with a drastic revision of 
their frequency assignment patterns. The 
plan described was evolved with the 
twofold objective of alleviating the severe 
interference being experienced and effec- 
tively providing for the future expansion of 
the service (pages 957-5). 


AIEE Policy Poll. At several AIEE Sec- 
tion meetings where AIEE President Fair- 
man discussed the pros and cons of expand- 
ing AIEE activities into nontechnological 
fields, a number of questions were asked by 
the members. Many of these were related 
to the ballot on membership views on Insti- 
tute policy which was published in the 
October issue (EE, Oct ’49, p 890). In his 
third article on Institute policy, President 
Fairman answers these questions and others 
of interest to the membership (pages 925-6). 


Aluminum and the Electrical Industry. 
The aluminum and the electrical industries 
had their beginnings at about the same 
time, and they have been closely related 
ever since. This interpendence has re- 
sulted because, on the one hand, electric 
energy is an important factor in the pro- 
duction of the metal while, on the other 
hand, aluminum is an important engineer- 
ing material with large-scale applications in 
the electrical industry (pages 928-33). 


Binary Quantizer. New developments in 
the fields of analogue-digital computing and 
servomechanisms are indicated by the 
binary quantizer. This device utilizes a 
binary counter which counts either forward 
or backward and a feed-back circuit (pages 
962-7). 


What Good Is History? A lesson, an 
inspiration, a warning—a history text can 
be all these to the reader who recognizes 
the value of past experiences. Thus the 
engineer too, through a study of a history 
of his art, may acquire tolerance and under- 
standing, as well as the more practical 
knowledge of errors to be avoided or clues 
to be utilized in future discoveries (pages 
945-8). 


Crystals in Magnetic Alloys. Metal- 
lurgists now are working towards the de- 
velopment of polycrystalline magnetic 
material with properties resembling those 
of a single crystal. Theoretically, such a 
material would have one-third greater flux- 
carrying capacity than a material composed 
of randomly oriented crystals. Translated 
in terms of a transformer, this would allow a 
proportionate reduction in core weight and 
savings in copper windings (pages 977-9). 


AIEE Proceedings 


Order forms for current AIEE Proceedings 
have been published in Electrical Engineering 
as listed below. Each section of AIEE 
Proceedings contains the full, formal text of a 
technical program paper, including discus- 
sion, if any, as it will appear in the annual 
volume of AIEE Transactions. 

AIEE Proceedings are an interim member- 
ship service, issued in accordance with the 
revised publication policy that became effec- 
tive January 1947 (EE, Dec 46, pp 567-8; 
Jan °47, pp 82-3). They are available to 
AIEE Student members, Associates, Mem- 
bers, and Fellows only. 

All technical papers issued as AIEE Pro- 
ceedings will appear in Electrical Engineering 
in abbreviated form. 


Location of 


Order Forms Meetings Covered 


’ Midwest General 
Boy 48.-P oe Bente District 


Apr °49, p 25A Winter General (1949) 


j South West District 
Jul °49, p 47A eee General 

. Pacific General 
Nov °49, p 51A eal General 


Evaluation of Data. Intelligent use of 
statistical analysis permits the engineer to 
make decisions on the basis of a minimum 
amount of data. For example, in one 
manufacturing process described, five stages 
of the procedure were examined for a pos- 
sible saving in time. Although there were 
1,024 possible combinations of factors, the 
required information was obtained with 16 
arrangements. A small number of tests 
eventually resulted in 25 per cent more pro- 
duction on the existing facilities (pages 987— 
4). 


German Missile Accelerometers. In July 
1946, Electrical Engineering published ‘‘V-2 
Range Control Technique.” Since then, 
more information about the integrating 
devices used for range control and lateral 
guidance of rockets has been declassified. 
Construction and operation of these 
accelerometers is reviewed (pages 996-9). 


More Power in Illinois. Power demand 
on the Commonwealth Edison system in 
northern Illinois has increased by about 
925,000 kw since 1939. In order to build 
up depleted reserve generating capacity 
and to meet future increase in load, this 
utility system is now engaged in its largest 
construction program (pages 997-5). 


Correction. J. C. Parker (A’04, F 12), 
Vice-President, Consolidated Edison Com- 
pany of New York, Inc., New York, N. Y., 
has retired. Mr. Parker was reported in 
the October issue (EE, Oct ’49, p 903) as 
having resigned from his position. 
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QUICKEST OF ALL 
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REDUCE 
ASSEMBLY 
TIME with 


FORMED FIBRE WEDGES 


Try slipping an Inmanco Formed Fibre Wedge into the slot ... 
notice how smoothly it glides in. That’s because Inmanco Wedges 
have superior moisture resistance to keep the ends from spreading 
and prevent other distortion. 

Now, try breaking off the projecting end . . . see how cleanly it 
snaps off at the end of the slot, no time is wasted:in cutting the 
wedge to length. These easy insertion and clean break-off features 
save assembly time, reduce your labor costs. 

Inmanco Formed Fibre Wedges are carried in stock in nine stand- 
ard “U-shaped sizes to meet practically all wedging applications. 
They are supplied in standard 48-in. lengths, in moistureproof bundles 
of 250 feet. Special sizes and lengths can be made to meet your indi- 
vidual requirements. Start saving assembly time, now, with Inmanco 
Formed Fibre Wedges. Write, today, for full information and samples, 
telling us the approximate sizes you use. 


NINE STANDARD ‘‘U’’-SHAPED STOCK SIZES 


FREE SHOWN 
FIBRE WEDGE Ze ce ae CZ porns 


Send for this unique 
Selector Card with at- 
tached wedge samples. 
Select the proper size just 
by turning out each wedge 
and inserting it in the slot. 
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jr important Added Factor of Safety in long term resistance to annealing 
is inherent in General Cable’s TENSILOK COPPER...On short lines sub- 
stantially heavier base loadings may now be practical. On any lines, successive 


temperature overloadings of great magnitude can now safely be contemplated. 


Hard-drawn TENSILOK COPPER stays hard, retains its tensile strength under 
conditions which would soon anneal commercial copper... The TENSILOK 
ultra-slow-annealing characteristic results from precise though minute metallic 
alloying. Purity, electrical conductivity, and tensile strength all exceed ASTM 


requirements for ordinary electrolytic copper. 


Time-endurance testing at the General Cable Research Laboratory has 
produced strength retention figures which outdistance anything heretofore known. Our 
Engineers will be glad to lay before you the as-yet-unpublished Performance Curves for 
Tensilok Copper, and to discuss its possible application to your “look-ahead” planning. 
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FREQUENCY CHANGERS at Ohio works of the Carnegie-IIlinois Steel Corporation, Power 
is brought into the plant at 2300 Volts 60 cycles, converted from 60 to 25 ,cycles and then 
stepped up to 6800 Volts to match the plant distribution voltage. Interconnections between 
breakers and outgoing leads total from 600 to 800 feet of single conductor bus work. 


New plastic tape insulates high bus voltage 
at Carnegie-Illinois steel plant 


High dielectric strength combined with compactness and single-step application 
makes “SCOTCH” No. 33 Electrical Tape ideal for wrapping and insulating 
bus structures of this type. This remarkable new plastic tape provides sure-fire 
protection against oils, acids, water and alkalies and is much easier to apply than 
conventional materials. Write Department EN-11 for free sample. 


Quick Facts About ‘‘SCOTCH’’ No. 33 Electrical Tape 


THIN CALIPER — only .007 in. thick, takes less room in junction 
boxes and other tight spots. 

HIGH DIELECTRIC STRENGTH — over 7,000 volts. 

WEATHER RESISTANT — withstands sunlight, weathering and 


corrosive vapors — the worst enemies of rubber and varnish. 


STRENGTH — has a tensile strength of 40 pounds per inch of 
width. 

STRETCHY — conforms snugly to uneven surfaces, odd shapes. 
Elongation at break, 100%. 

P.S. — for High-Heat Insulation use “SCOTCH” Electrical Tape 
No. 27 with Glass Cloth Backing — Thermo-Setting Adhesive. 


REG. U.S, PAT. OFF 


OTCH 


BRAND 
Hoo. F3 
Jive, PRODUCT Sy j— 


Made in U. S. A. by M INNESOTA M INING & M FG. CO. st. PAUL 6, MINNESOTA 


Also makers of other “SCOTCH” Pressure-Sensitive Tapes, “UNDERSEAL,” “SCOTCHLITE,” 
“3M” Abrasives, “3M” Adhesives. 


General Export: DUREX ABRASIVES CORP., New Rochelle, N. Y. 
In Canada: CANADIAN DUREX ABRASIVES LTD., Brantford, Ontario 
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frequency range. The low frequency oscil- 
lator, continuously variable from 20 cycles 
to 200 kc, has a metered output from 0 to 
50 volts across a resistance of 7,500 ohms. 
A radio frequency oscillator covering the 
range from 80 ke to 50 megacycles pro- 
vides output from 0.1 microvolt to 1 volt 
and may be modulated with the low fre- 
quency oscillator. Additional information 
on the instrument may be obtained from 
the company. 


Feed-Through Mica Capacitors. Cornell- 
Dubilier has announced a Type 742 series 
of feed-through mica capacitors that are 
particularly adapted to use in auto radio 
receivers for radio noise by-pass, as well as 
in frequency modulation and _ television 
equipment because of their high-frequency 
characteristics. Over-all dimensions of the 
capacitor include a mounting foot 1!/,- 
inches by 7/8-inch. Short, wide path 
terminals result in extremely low in- 
ductance; the feed-through construction 
provides low impedance at high frequencies. 
Further information may be obtained from 
the Cornell-Dubilier Electric Corporation, 
South Plainfield, N. J. 


New G-E Instruments. General Elcec- 
tric’s Meter and Instrument Divisions have 
produced: 


1. A complete new line of 3!/:-inch long- 
scale panel instruments of internal-pivot- 
type construction, designated as _ types 
DO-87 (direct current), DO-82 (thermo- 
couple), and DO-83 (rectifier), with 250- 
degree scales 4.92 inches long. The instru- 
ments have been designed for general indus- 
trial applications, as well as for manu- 
facturers of electronic devices, testing 
equipments, and similar apparatus. They 
have permanent-magnet, moving-coil 
mechanisms. 


2. Another set of panel instruments pro- 
duced by General Electric is an improved 
line of 21/:-inch panel instruments suitable 
for use in electronic devices and testing 
equipments offering only limited mounting 
space, and identified as Types DW-77 
(direct current), DW-72 (thermocouple), 
DW-73 (rectifier), and AW-72 (iron-vane). 
Additional information on the 31/,-inch 
long-scale instruments is contained in 
bulletin GEC-579, and on the 2!/-inch 
instruments, bulletin GEC-368A. 

Both bulletins are available by writing 
to the General Electric Company, Sche- 
nectady 5, N. Y. 


Varnished Cambric Cable. The Rock- 
bestos Products Corporation, New Haven 4, 
Conn., is now manufacturing varnished 
cambric cables in all standard sizes, con- 
structions and voltage classifications to 
15,000 volts. Further information on the 
cable may be obtained from the company. 


Westinghouse developments. Westing- 
house has announced two new develop- 
ments: Type JY manual simplex trans- 
mitter-receivers that are single-frequency 
push-to-talk assemblies, and Type JY 
single-sideband duplex transmitter-receiver 
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SAVE 22% wilh LOCKE’S yy ; 
WEW \i'-GRIP Guy Clamps 


CHART SHOWS HOW SIZE SMALLER CLAMP 
SAVES YOU $37.50 PER HUNDRED GUYS 


As the chart shows, a regular No. 6461, 3-bolt heavy Guy 
Clamp on %” HS guy wire has a slip strength of about 
7 92% of the rated breaking strength of the wire. 

6” HS 


Peat 8 11,000 BUT, a No. 6450-HG, 3-bolt light HI-GRIP Guy Clamp on 
the same wire has a slip strength greater than the rated 
breaking strength of the guy wire. 


SLIP STRENGTH IN POUNDS 
(NO SLIPPAGE OF STRAND IN CLAMP) 


RATED 

STRENGTH : 

OF STRAND a The smaller HI-GRIP clamp holds better than its bigger 
10. 


No, : brother—yet COSTS 22% LESS! 


450-HG 
6461 — If you adhere to standard practice, you use four No. 6461 


REGULAR HEGRE regular guy clamps per guy (with one insulator). In such 
CLAMP CLAMP places use Locke HI-GRIP Guy Clamp No. 6450-HG and 
save $37.50 per hundred guys. 


SPECIAL LUBRICANT AND HIGH STRENGTH BOLTS 
GIVE HIGH SLIP STRENGTH TO HI-GRIP GUY CLAMP 


As the chart shows, Locke’s new HI-GRIP Guy Clamp gives you slip strengths far greater 
than regular guy clamps without damage to guy wires. 


These increased slip strengths are obtained by using high strength bolts and treating the nuts 
of the bolts with a special lubricant. This lubricant allows the halves of the guy clamp to be 
drawn together more tightly using no more torque than is normally applied to regular clamps. 


All Locke Guy Clamps are available in the 
HI-GRIP type, and all show similar savings. 
Get all the facts in the Locke TECH-REPORT 
on HI-GRIP Guy Clamps now available. 
Call your Locke representative or distribu 
tor, or write direct. 


BALTIMORE, MARYLAND 


STOP! Locke’s 
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assemblies that are double-frequency voice- 
modulated equipment. The single-fre- 
quency assemblies have been primarily in- 
tended to provide occasional communica- 
tion between small or unattended plants, 
where carrier communication has not 
previously been considered economically 


feasible, whereas the duplex transmitter- 
assemblies are designed for communication 
between two locations where full duplex 
operation is desired, as between substations 
and main plants. Additional information 
on the above equipment is available by 
writing directly to the Westinghouse Elec- 
tric Corporation, P. O. Box 868, Pittsburgh 
30, Pa. 


For Speedy, 
Accurate, 
Remote Measurement 
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GENERAL (6) ELECTRIC 


Telemetering Systems 


Measure Current, Voltage, Power, 
Pressure, Position, Flow, and other 
quantities 


Use Any Indicating Or Recording End 
Device 


General Electric telemetering systems can help 
increase the speed and accuracy of many of 
your control functions. They are an economical 
means of providing needed information from 
one or many sources at a central! control point. 


SPECIAL ADVANTAGES are offered with the 
G-E frequency-type system. It has rapid re- 
sponse, continuous output, and maximum channel 
utilization, and is usable over long distances. It 
requires virtually no maintenance because it has 
neither contacts nor electrochemical relays. In 
addition, it’s accurate and stable despite fluctu- 
ations in supply voltage. 


FULL DETAILS on the three G-E systems (fre- 
quency-type, torque balance, and photoelectric) 
plus various combinations of them, are available 
in a new bulletin, GEA-5233. lt has diagrams 
and pictures of many different telemetering 
arrangements. Get a copy from your nearest 
G-E office. Or write today to Apparatus Depart- 
ment, General Electric Company, Schenectady 5, 
New York. 


602-154 


New Corrosion Resisting Resin Coating. 
A new type of coating has been developed 
in the laboratories of the Brooklyn Polytech 
Institute, in conjunction with a research 
program sponsored by the Carboline 
Company, 7603 Forsythe Boulevard, St. 
Louis 5, Mo. The coating is made for 
application at room temperature, requires 
no mixing, and is flexible when dry. Chief 
advantages over the polyvinyl chloride and 
chlorinated rubber coatings are: resistance 
to acids of higher concentrations, resistance 
to higher liquid temperatures (180 to 200 
degrees Fahrenheit), and resistance to such 
solvents as the alcohols and straight chain 
chlorinated and aromatic hydrocarbons. 
The new material is now known as the B 
Resin Solution. A limited quantity is 
available from the Carboline Company 
at no charge for experimental and test 
purposes to those who will give information 
on its application. 


Radiation Pyrometer. The Bristol Com- 
pany has developed a new radiation 
pyrometer, known as the Pyrovisor, de- 
signed for indicating, recording, or con- 
trolling temperatures up to 4,000 degrees 
Fahrenheit in furnaces and kilns. The 
Pyrovisor radiation unit, which is the 
temperature-sensitive head, is mounted on 
the outside of the furnace or kilns, away 
from the hot zone, and picks up radiant 
energy emitted from the surface of the ob- 
ject under measurement. Further informa- 
tion is given in the company’s bulletin, 
number P7242, available by writing to 
The Bristol Company, Sales Promotion 
Department, Waterbury 20, Conn. 


Electronic Standard Cell. An electronic 
standard cell for instrumentation requiring 
accurate, highly stable d-c voltage has been 
announced by the Hastings Instrument 
Company, Inc., Box 1275, Hampton, Va. 
Designed for use with  self-balancing 
potentiometers, recording oscillographs, 
resistance thermometers, wire strain gages, 
position potentiometers and other instru- 
ments, the cell is available for any specified 
d-c output voltage from 0 to 100 and for 
any load up to 30 milliamperes. Output 
voltage is constant to better than 0.1 per 
cent, and with ripple less than 0.1 per 
cent, throughout an input range of 75 to 
135 volts alternating current at frequencies 
from 50 to 500 cycles per second. ‘The cell 
is not subject to freezing. Further infor- 
mation can be obtained by writing the 
company. 


Coordinate Recording System. The Air- 
borne Instruments Laboratory, 160 Old 
Country Road, Mineola, N. Y., has an- 
nounced a new ‘Type 373 rectangular 
coordinate recording system, which pro- 
vides, in Cartesian coordinates, an inked 
plot of voltage, or of the logarithm of 
voltage, as a function of the displacement 
angle of a measured element. The usable 
chart width is ten inches, corresponding to 
a voltage range of 10,000 to one, or 80 
decibels. Both pen and paper feed are 
servo controlled with chronograph paper 
feed optional. Maximum pen speed is 40 
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rubber compounds 


PERFORMANCE AT THE LEAST COST? 


Tbs proper selection of rubber compounds for electrical cable may 
mean the difference between long satisfactory service or frequent 
and costly shut-downs for repairs. 

Some rubber compounds will stand more heat tnan others. Some 
can be used underground—others can’t. The point to remember is this 
nq one or two rubber compounds will meet all the conditions en- 
countexed in electrical cable operation. That’s why engineers and 
chemists atAmerican Steel and Wire Company have perfected a wide 
variety of rubbex.compounds for different cable applications. 

The right combiitation of compounds will assure better service from 
electrical cables at lowef<gst to you. 


SPECIFY 
FOR UNDERGROUND OR UNDER WATER SERVICE—at high 


voltages, for all submarine power cables and for general use 
above 7,500 volts— 


FOR OZONE-RESISTANCE—Amerzone-0 is an excellent oil- 
base compound. Amerzone-B is a butyl rubber compound 


that is highly resistant to heat and moisture as well as ozone. 


HOT OR DAMP LOCATIONS—Select a compound with high 
moisture resistance and high heat resistance. 


GENERAL USE—For voltages up to 7,500 where copper tem- 


Concentric cable peratures do not exceed 60°C (140°F.), a performance type 


compound is satisfactory. 


GENERAL USE with HEAT RESISTANCE—For voltages to 7,500 
and where copper temperatures may run up to 75°C. (167°F.). 


LE Mell FLEXIBLE JACKETS—Where resistance to oil, flame and sun- 


light is desired a compound containing Neoprene is recom- 
mended. 


AMERICAN STEEL & WIRE COMPANY, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA STEEL COMPANY, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM, SOUTHERN DISTRIBUTORS 

Portebin icolcable UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


Standard cable construction or special designs of cable are available from American Steel and Wire Com- 
pany. We make the cable fit the job. This policy assures the longest cable life at lowest cost to the user. 


ESS 


iT E D STATES ST EEL 
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AMERIGAN tas, CHRONGSCOF! 


Ok. : 


THE A 
HIGH SPEED CHRO 


Simple, Accurate and Reliable, the Chronoscope indicates sign 

cant time intervals directly in milliseconds. Operation is complete 
ly automatic and the time indicator does not drift. A few of the 
varied applications include—relay, contactor and fuse testing, shut- 
ter speed and flash lamp timing, automatic system development 
and human reaction studies. PRICE: $375. Write for Bulletin IOOC. 


When time is your problem—Consult us. 


All These Were Once 
DUST COLLECTION PROBLEMS, TOO 


48 Carbon Black Plants 
203 Metallurgical Installations 
205 Acid Plants ¢ 40 Paper Mills 
270 Detarring Installations 
216 Power Stations 
73 Steel Plants ¢ 99 Oil Refineries 
and Miscellaneous Installations 


Your electrical precipitator installation will 
be individually engineered...and based on 
the Research Corporation’s experience graph- 
ically shown by that towering pile of thou- 
sands of blue prints. 

This knowledge is a valuable asset that 
will help Research engineers to “‘tailor- 
make” your Cottrell installation. For ex- 
ample, they can more quickly determine the 
right answers to such variables as the size, 
shape and type of both discharge and col- 
lecting electrodes, their relative spacing, 
flue arrangements and many other factors. 
At Research you can count on profitable 
solutions to individual problems. 

Research Corporation Cottrells can be 


Typical One Day Collections 


made as efficient as you desire. They can col- @ 250 TONS OF FLY ASH 

lect 95% to over 99% of all solid or liquid ®@ 5500 POUNDS OF CONCENTRATED 
particles suspended in gas entering equip- SULPHURIC ACID 

ment. Write for free booklet giving valu- ®@ 6 TONS OF SODA SALTS 
able data. RC-121 AT PAPER MILL 


RESEARCH CORPORATION 


405 Lexington Ave., N. Y. 17, N.Y. 122 S. Michigan Ave. Chicago 3, Il. 
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inches per second, equivalent to 320 
decibels per second. At full scale expan- 
sion, maximum paper feed rate is ten 
inches per second. The instrument can 
be used whenever it is desired to record 
voltage as a function of time or an angle, 
to record light intensities, sound pressures, 
and heat levels at writing rates higher than 
formerly available. The system operates 
from 115 volts, 60 cycle power, and is 
supplied in either portable or in standard 
rack and panel construction. Any supple- 
mentary information will be supplied by 
the company upon written request. 


Servo Analyzer. Developed by the Flight 
Research Engineering Corporation, the 
Type 6 Servo Analyzer provides complete 
dynamic response data on any systems 
using 400 or 60 cycle amplifiers, regardless 
of the type of motor or actuator employed. 
The instrument requires no oscilloscope or 
other auxilliary equipment for making 
a-c tests; a demodulator is available for 
d-c tests. Amplitude ratio and phase 
angle of the transfer, resonance, or error 
functions may be accurately obtained at 
any frequency from 1/5 to 30 cycles per 
second. Further information on the servo- 
mechanism test instrument may be ob- 
tained by writing to the company at 
P. O. Box 1-F, Richmond, Va. 


5,000-Watt Diesel Electric Plant. D. 
W. Onan and Sons have announced pro- 
duction of a new air-cooled 5,000-watt 
diesel electric plant, the Onan Model 
5DRP. The new plant operates on an 
opposed 2-cylinder, air-cooled diesel 
engine, and requires no bolting down, no 
special base. Integral shock mountings 
make it possible to operate the unit right 
on the floor. Dimensions are as follows: 
length, 383/, inches; width, 30!/, inches; 
height, 261/s inches; weight, 725 pounds, 
less batteries. Adaptable to portable ap- 
plications, the 5DRP is available in 60 or 
50 cycle and in all standard voltages. 
Additional data on the electric plant is 
available from D. W. Onan and Sons, 
Minneapolis 5, Minn. 


TRADE LITERATURE 


Facts About Neoprene. Published by the 
Rubber Chemicals Division of the E. I. 
du Pont de Nemours and Company, Inc., 
Wilmington 98, Del. ‘“The Neoprene Note- 
book,” volume 43, discusses products made 
of Neoprene, and their resistance to attack 
by chemicals. The booklet is available 
upon request to the company. 


Kearney Shunt Capacitors. Bulletin 27, 
published by the Kearney Corporation, 
contains information on the use of shunt 
capacitors for power factor correction, and 
includes several sample calculations re- 
lated to the installation of capacitors to 
supply reactive loads, Tables of physical 
data on the Kearney capacitor, recom- 
mended fusing practices, and circuit con- 
nections are also given. The booklet may 
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One OF a bank of four Wagner transformers now going into service 
and, like many other Wagner units, equipped with O-B bushings as an- 
other step toward highest reliability. Size and general make-up of these 
transformers are indicated by a few specifications supplied by the Wagner 
Electric Corporation: “Each unit rated at 5,000 kva, single phase, 60 
cycle, 39,850/69,000 Y to 12,000 volts. Oil filled, self cooled, and 
equipped with vertical inert gas oil seal tank for oil preservation. Among 
other refinements are magnetic oil level indicators with alarm contacts 
to warn of low oil level, dial type oil temperature thermometers with 


alarm contacts, combination pressure and vacuum gauges...“ 


AND BUSHINGS 


ONE OF THE FINEST COMPONENTS 
OF ANY TRANSFORMER 


2090-H MANSFIELD, OHIO 
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INSWLATIZID to withstand 


continuous temperature of 


National's Silicone electrical insulating materials meet 
AIEE Class H specs. They boost the Class B 266° F. 
continuous operation maximum to 356° F. They include 
topes, tubings, varnishes, cloths, sheets, adhesives and 
laminates. National Silicone Mica-Glas Tape is made 
just .0035” thick. All National Class H components have 
high dielectric strength, high flexibility, long life; they 
contain practically NO organic materials. 
Insulation Catalog No. 494. 


Send for our 


Conductor: 
Copper wire 


Conductor 
insulation: 
Silicone 
Mica-Glas Tape 


Ground 
insulation: 
Silicone 
Mica-Glas Tape 


Ground 
insulation: 
Silicone Mica- 
Glas Wrapper 


Outside tape: 
Silicone 
Fiberglas Tape 


Finish: 
Silicone 
Varnish Used 
Exclusively 


NATIONAL FLECTRIC ((OIL COMPANY 


COLUMBUS 16, 


ELECTa:cCac ENGINEERS MAKERS OF 
EcEcTarcact COmsS AND INSULATION— 


Individually Calibrated Scale 


OUTPUT: Continuously variable, .1 microvolt to 2.2 volts. 
OUTPUT IMPEDANCE: 5 ohms to .2 volt, rising to 15 ohms at 
2.2 volts. 


MODULATION: From zero to 100%. 400 cycles, 1000 cycles 
and provision for external modulation. Built-in, low dis- 
tortion modulating amplifier. 


POWER SUPPLY: 117 volts, 60 cycles, AC. 
DIMENSIONS: 11” high, 20” long, 10%" deep, overall. 
WEIGHT: Approximately 50 Ibs. 


Catalog on request 


OHIO, U.S. A- 


RECESIGNING AND REPAIRING OF 
ROTATING ELECTRICAL MACHINES 


Pulse Generators 


STANDARD SIGNAL GENERATOR 


& 


| 
MANUFACTURERS OF — 


Standard Signal Generators _ 
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be obtained by writing to the James R. 
Kearney Corporation, 4236 Clayton Ave- 
nue, St. Louis 10, Mo. 


General Electric Publications. The Gen- 
eral Electric Company, Schenectady 5, 
N. Y., has made available the following 
publications: 


1. Bulletin GEA-4469A, which describes 
General Electric unit-cooled d-c motors for 
dusty, dirty, or oil-laden atmospheres. 

2. A 20-page catalog, “‘Arc-Welding Ac- 
cessories,” publication GEC-253A, contains 
information on more than 150 arc-welding 
accessories. 

3. Bulletin GEA-5070, ‘“‘Textile Range 
Drives.”’ 


4. Bulletin GEA-5077B, ‘‘Loom Motors.’’ 


5. Bulletin GEA-5012, ‘‘Center-Wind 
Batcher Drives.” 

6. Bulletin GEA-5274, ‘Tenter-Rail 
Guiders.”’ 


4 


7. Bulletin GEA-5258, ‘“‘Adjustable-Speed 
Warper Drives.” 


8. Bulletin GEA-5259, “Slasher Drives.’ 


9. Bulletin GEA-3870A, ‘*80-Ton Diesel- 
Electric for Industrial Switching,” a 16- 
page bulletin, describes the locomotive 
completely and shows why it is economical 
to operate. 


All the above literature is available from 
the company upon request. 


Trifluoracetic Acid. The Minnesota 
Mining and Manufacturing Company re- 
cently brought out a new reactive fluoro- 
chemical, CF;COOH-trifluoracetic acid- 
a colorless, corrosive liquid that is one of 
the strongest acids known. All the known 
properties, applications, and descriptions 
are given in a pamphlet published by the 
company, “Trifluoracetic Acid,” which is 
available upon written request to the Min- 
nesota Mining and Manufacturing Com- 
pany, 900 Fauquier Street, St. Paul 6, 
Minn. 


Allis-Chalmers Bulletins. ‘Prevention 
and Reduction of Cavitation and Pitting 
in Hydraulic Turbines,”’ bulletin 02B7226, 
and *‘Allis-Chalmers Large Direct Current 
Motors and Control for Heavy Duty 
Drives,’ bulletin 05B6002A, are available 
upon request from the Allis-Chalmers 
Manufacturing Company, S. 70th Street, 
Milwaukee, Wis. 


Locke Engineering Data. Locke, Inc., 
P. O. Box 57, Baltimore 3, Md., has pub- 
lished the sixth in a series of engineering 
data bulletins. This latest bulletin, number 
6, covers the selection of suspension type 
insulators for transmission and distribution 
line construction, and is a continuation of 
bulletin number 5, which covered the ap- 
plication of pin type insulators for the 
same purposes. Copies may be had by 
writing to the Locke company. 


Synthetic Lubricant Booklet. “UCON 
Brand Fluids and Lubricants” describes 
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= No. 5119 = 


No. 5104 ees’ No. 5116 


It Costs No More 


* ) = forthe : Ah 
gs” saad 


No, 5112 


/ PORCELAIN PRODUCTS’ 


/ 
WET PROCESS 
i i If you've never used Porcelain 
Talk quality. Talk price. Talk features. No Piodecs Gpochsadwouldiike 
question about it. Porcelain Products’ wet Sie, samples, just check off the ones 
process spools are the top quality brand at oe Je ie | poeg ome hooey 
iti i tomer and lack any samples to 
competitive prices. Ask people who use them. ar oke your line plese alt in 
Better still, you be the sole judge of their the coupon and return it, too. 


performance. Tomorrow, change that name 
line on your purchase order to ‘Porcelain 
Products”. Give this “top quality” claim of 
Ours a test—at no extra premium either. 


Porcelain Products, luc. 


PARKERSBURG, WEST VIRGINIA ars 8 
ONE OF THE LARGEST PRODUCERS OF sPooLs | 
re | 


Cy State 
ken 


fm i a ee ———— = 


Gentleman:—Please send me without obligation samples 
and prices of the following spools. 


015101 (05104 (15112 015116 05119 


Name. 


Company Name. 
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HEADQUARTERS FOR 


AUTOMATIC 
TRANSFER 
SWITCHES. 


We can take care of almost any Automatic Transfer 
Switch requirement ranging from 5 to 1000 amperes. 
For example, Bulletin 906-105S, as illustrated, is a 
300 ampere unit installed in a specially narrow 


panel for a distribution control center. 


Standard features on control panels can include 
phase failure protection, indicating auxiliary con- 
tacts, engine starting contacts and push buttons for 
engine tests, reset to normal and load transfer. 
Special features include delayed operation, manual 
emergency handles, low frequency relay protection. 
Condensed Catalog No. 700 gives a comprehensive 
picture of our work along the line of Automatic 
Switches and complete Electromagnetic 


Transfer 
Control Panels. 


If you require any type of automatic control, write 
us. Our 60 odd years of broad experience in the 
field of Electromagnetic Controls should be helpful. 


v oo 
ee 


Automatic Transfer Switches 
Remote Control Switches 
Contactors Relays 

Specialized Electromagnetic Controls 


We also manufacture a complete line of Solenoid Operated Valves for 
Automatic and Remote Control of Liquids and Gases. 


Automatic Switch Co. 


385-E LAKESIDE AVENUE » ORANGE, NEW JERSEY 


UF! 


STODDART NM-10A° 
RADIO INTERFERENCE AND FIELD INTENSITY METER 


@ MEASURES radiated and conducted 
signals, including pulse or random 
interference. : 


RANGE—14 kc to 250 kc. 


SENSITIVITY — Field strength using 
rod antennas one microvolt-per-meter 
to 2 volts-per-meter. Field strength 
using shielded loop antennas 10 
microvolts-per-meter to 100 volts-per- 
meter. As a two-terminal voltmeter, 


Very Low Frequencies covered by the... 


either balanced or unbalanced, one 
microvolt to one volt. wave 


*READS directly in microvolts and db. 


A.C. POWER SUPPLY REQUIREMENTS 
105 to 125 volts or 210 to 250 
volts A.C. Single phase source may 
be ANY FREQUENCY BETWEEN 50 
CPS AND 1600 CPS. No shock hazard. 


GRAPHIC RECORDER 
versatile complement 


included with 
of accessories. 


Write for complete technical data 


STODDART AIRCRAFT RADIO CO. 


Main office and plant: 


1346 Connecticut Ave. 


6644 Santa Monica Blvd. 8-247 General Motors Bldg. duPont Circle Bldg. 


Hollywood 38, Calif. 
Phone: Hillside 9294 


46A 


Detroit 2, Michigan 
Phone: Trinity 1-9260 


Washington 6, D. C. 
Phone: Hudson 7313 
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the various types of ‘‘Ucon”’ polyalklylene 
glycol lubricants and the use of these 
products for the lubrication of many types 
of machinery, gears, internal combustion 
engines, rubber products, and instruments. 
Copies of the booklet are available from 
the Carbide and Carbon Chemicals Cor- 
poration, 30 East 42nd Street, New York 
17, N. Y., by requesting form 6,500. 


Preferred Tubes List. The Radio Cor- 
poration of America, Tube Department, 
Harrison, N. J., has brought out a new issue 
of the RCA preferred tube types list, pre- 
pared to assist equipment manufacturers 
in formulating their plans for future pro- 
duction of electronic equipment. The 
listing covers types for receiver applica- 
tions, cathode-ray oscillograph types, 
camera and television studio types, photo- 
tubes, thyatrons, ignitrons, rectifiers, regu- 
lator and small vacuum types for critical 
applications, as well as vacuum types for 
radio and audio frequency power applica- 
tions. The listing, form PYL-507A, may 
be obtained by writing to the Commercial 
Engineering Department of the company. 


Ideal Electric Bulletins. The Ideal 
Electric and Manufacturing Company, 
Mansfield, Ohio, has announced a series 
“Tdeal 


Speed Alternators,” ‘Ideal Large-High 
Speed to 3,000 HP Induction Motors,’’ 
‘The Ideal ‘100 Line,’ ” “Ideal Low Speed 
Synchronous Motors,” and ‘‘Synchronous 
Motor Control.’’ Copies of these bulletins 
are available from the company. 


“Bouncing Pipes.”? The Burgess-Manning 
Company has made available a 15-page 
booklet, ‘‘Bouncing Pipes,” by R. L. Lead- 
better, Research Director, which tells the 
story of oscillating molecules that impede 
the smooth flow of gas and air through pipe 
lines, and offers a solution to the problem. 
The booklet may be had upon request to 
the company at Libertyville, Ill. 


Kemp Dryer Catalog. A 3 2-page catalog, 
**Kemp Dryers for Air, Gases and Liquids,”’ 
which discusses desiccant-bed drying of 
air, gases and liquids, is available from the 
C. M. Kemp Manufacturing Company, 
Inc., 405-15 East Oliver Street, Baltimore 
2, Md. 


Uniclosed Motor. Bulletin 7542, published 
by the U. S. Electrical Motors, Inc., 200 
East Slauson Avenue, Los Angeles 54, 
Calif., describes the company’s new uni- 
closed motor line which ranges in horse- 
power ratings from 1/, to 250. Copies are 
available upon request to the company, 


GE Pamphlets. General Electric has 
released two booklets, which describe fully 
their new d-c two-shoe, two-magnet brake, 
and a new d-c crane hoist control. The 
brake is designed for use on steel mill 
drives, cranes, hoists, bridges, conveyers, 
and for general marine service, The control 
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Substation 
, No. 4 
xh 500 KVA 


£2 


Substation © 
No. 6 whe 
500KVA | * 


CONTINUOUS POWER 


ASSURED MAYTAG BY 


AA =, rer A f 0% 
ye an y Se | ¢ 3 
3 cutgoion EES Substati 3 
YoY : oo 4 ubstation 3 
SECONDARY-SELECTIVE Be icooKvA ONS 
oN : ges L ae 1000 KVA au 
Oo. 
DISTRIBUTION SYSTEM 1000 KVA 


All transformers 4 


This secondary-selective system at the new Maytag instal- 
lation uses General Electric metal-clad switchgear to handle 
the incoming 4160 volts through four magne-blast power 
circuit breakers. Feeders distribute the 4160-volt power to 
six G-E load-center unit susbstations throughout the building 
where the high-voltage is stepped down to 480 volts for 
utilization—right at the center of the load area. This eliminates 
long, costly secondary feeders. Air switches on the primary 
of all load centers are rated 5 kv. Key interlocks give oper- 
ating safety to personnel by preventing breaking of the load 
current with the air switch, or paralleling transformers. 


HELP SPEED PRODU 


160/480v. 


SKV Metal-clad Gj6O Bus 


With this secondary-selective system Maytag is insured 
against a power shutdown in case of failure of any one trans- 
former or its primary feeder cable. If trouble occurs the nor- 
mally open tie breaker is closed, thus providing an alternate 
source of power that permits the plant to operate at slightly 
reduced capacity. 

The Maytag installation is a complete General Electric proj- 
ect—one source of responsibility plus the very best in co- 
ordinated planning, engineering, manufacturing, and service 
facilities to give maximum savings and efficiency to the cus- 
tomer. 


CTION AT THE NEW 


Gijlag PLANT AT NEWTON, IOWA 


ONLY G-E LOAD CENTERS GIVE YOU THESE FEATURES.... 
SELECTED STANDARD ratings have been introduced 
by General Electric to bring you load centers on 20 
per cent shorter shipments. The most popular are— 
Low voltage 480 A or Y, 208Y/120 volts 

High voltage 2.4, 4.16, 4.8, 12, 13.2, 13.8 kv, delta 
Kva ratings 300, 500, 750, 1000, 1500, 2000 
Certain other selected standard load centers are avail- 
able. Contact your G-E sales representative for further 
information. 

NEAT APPEARANCE... Note the smooth, integrated 
appearance of these G-E unit substations . .. no more 
gawky, “‘old-type’’ stovepipe connections between 
transformer and switchgear. 

SAVE TIME by eliminating weeks spent over drawing 
boards detailing individual items. G-E factory-assem- 
bled unit substations are quickly and easily installed 
with lower material and labor costs than required 
for ‘“‘piece-meal,’’ makeshift affairs. No last minute 
“alterations” with hacksaws and cold chisels to make 
them fit. 

INVESTIGATE TODAY how General Electric unit sub- 
stations can be used in your plant for efficient, flexible 
power distribution. Contact your G-E sales represent- 
ative for further information, and write today for the 
helpful bulletins listed below. Apparatus Department, 
General Electric Company, Schenectady 5, New York. 


GEA-3592 
GEA-3758 
GEA-3083 
GEA-4057 
GEA-4352 


Load-center Unit Substations 

Load-center Power Distribution 

Metal-clad Switchgear 

Interlocked-armor Cable for Primary Circuits 
Flamenol Cable for Secondary Circuits 


“For our new plant that manufactures Maytag automatic 
washers, we wanted the very best in power distribution 
systems. That’s why we chose a secondary-selective system 
using General Electric load-center unit substations. We 
found that a system such as this would be more economical 
than any other type. Even though the initial cost was 
slightly higher than a simple radial system, the fact that 
we were assured of continuous power for our manufactur- 
ing facilities, even though a transformer or feeder cable 
should drop out, meant that we would save time and 
money in the long run. We also chose a load-center system 
because we can easily expand it to take care of any increase 
in our manufacturing facilities. We also bought ‘standard’ 
unit substations because we discovered they would do the 
job just as well as ‘specials —and at far less cost—and 
because we could get better delivery. After the units ar- 
rived they were installed on the platforms and were 
operating in a very short time. And dealing with one 
organization saved us time and money because we could 
get the engineering, equipment, and service all from one 
reliable source.” 
L. C. McAnly, Sr., Manager of Manufacturing, 
The Maytag Co., Newton, Iowa 


Be sure to see the “‘More Power to America” full-color sound slide- 
film ‘Modern Industrial Power Distribution.“’ Ask your G-E sales 
representative to arrange a showing for your organization. 
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\ the fransformer is specially intended for use on whirley, 


revolver, gantry, and overhead cranes in 


t at the future steel mills, shipyards, on ore bridges, ware- 

houses, and on loading and unloading 
towers. Copies of the bulletins, ‘‘2-shoe 
2-magnet d-c Brake,’ and “D-C Crane 
Control,’’ are available from the Apparatus 
Department, General Electric, Schenec- 
tady, N. Y. 


“Everything In Safety.” The E. D. 
Bullard Company, 275 Eighth Street, San 
Francisco 3, Calif., has just released the 
1949-50 issue of ‘‘Everything In Safety,” 
the company’s complete catalog of personal 
protective equipment and industrial safety 
devices. Requests for the catalog should 
be addressed to the Bullard Company on 
company letterhead. 


©onSider 
n of able Pro 
2nsform Oi dr mise of 
fansformer -$ 
Advanta age for po le Fas yee distributie’ 
Will be orn Ware allation. re 
eight : The 


Variable Speed Drive. In a 12-page bul- 
letin the Louis Allis Company, Milwaukee, 
Wis., describes its new a-c motor, ‘‘Ad- 
justo-Spede’’ which provides a variable 
Spree me A Sean Pte speed output with a constant torque char- 
sith ethar Aecillieg Yoloxhical “anae acteristic through an entirely new eddy 
neers; ELECTRICAL WORLD, 75th current principle without the usual motor 
seed aa at a EIT Ee generator set or exciter. ‘The bulletin, 

: 611-D, can be obtained directly from The 


Louis Allis Company, 427 East Stewart 


DRY TYPE AIR COOLED Street, Milwaukee 7, Wis. 
DISTRIBUTION TRANSFORMERS | Piasticizea Polyvinyl Chloride Formula- 


tions. ‘Technical bulletin O-D-773, pub- 
Months before the publication of this lished by the Development Department, 
excellent article on distribution trans- Organic Chemicals Division, Monsanto 
formers, Marcus, a pioneer in the Chemical Company, St. Louis 4, Mo., con- 


. tains 22 plasticized polyvinyl chloride 
field, announced a new line of all formulations, and the outstanding proper- 


PEP ore dry type distribution trans- ties of each. The formulations, based on 
formers for indoor or outdoor service. extensive laboratory and field work, are 
representative of types used in manufac- 
turing a wide range of articles, from shower 
curtains and raincoats, to upholstery ma- 


Excerpt from “Distribution trans- 


former’ by Howard P. Seelye, Chief 
Electrical Engineer, The Detroit 


The complete absence of hazardous 
oil or toxic liquid affords safety never 


before realized. Superior Class B and terial and floor tile. ‘The bulletin also 

C heatproof insulation, such as fibre- includes a comprehensive list of polyvinyl 

glass, mica, porcelain, new Johns-Manville chloride resin, plasticizers and stabilizers 

Currently available in sizes to Quinterra, etc., results in overload capaci- suppliers, and is obtainable from the com- 
100 KVA, voltages to 5000 V. ties unobtainable with Class A oil filled pany upon request. 


units. The entire transformer element is 
seal protect i i i i 

AIR-COOLED TRANSFORMERS P , cted egainst oil, acids, OMICS: 

EXCLUSIVELY etc., and is housed in a sturdy, scientifically 


. ° Glass Works have brought out two new 
1 to 2,000 KVA up to ventilat Ww be } 5” 
15,000 Volts to meet ed, weather proof case which con bulletins, B-83, ‘“‘Properties of Selected 


individuelimaaulremant? forms with all applicable EEI-NEMA con- Commercial, Glasses? and - Bede Macrae 
DISTRIBUTION struction standards. This extremely versa- facture and Design of Commercial Glass- 
pent epee: tile transformer can be used outdoors, pole ware,’’ which contain basic information 
PHASE CHANGING or platform mounted or indoors at the load about the important properties of glass and 
ELECTRIC FURNACE center, mounted. wherever convenient with major glass manufacturing methods. Copies 


RECTIFIER no expensive fireproof vault required. of the bulletins are available upon request 
WELDING to the company at Corning, N. Y. 


MOTOR STARTING 


Commercial Glass Publications. Corning 


COMPETITIVE PRICES ic) GOOD DELIVERIES 


Write for Bulletin ##49-ACO Westinghouse Selenium Rectifiers. A 


new booklet, DB-79-025, published by 
Westinghouse, describes the company’s 
standard and high-voltage selenium recti- 
fiers for power supplies and electronic 


marcus reansrommers | TRANSFORMER CO. | Bees qe neuen 


CONFORM TO THE STANDARDS INC. sieal Acincad ei ‘th di 

OF N.E.M.A. AND A.I.E.E. 34 MONTGOMERY STREET i cells) are included, together with discus- 
sions of various overload conditions or high 

Representatives in Principal Cities HILLSIDE 5, NEW JERSEY ambient temperatures. For a copy, write 


Westinghouse Electric Corporation, P. O. 
Box 868, Pittsburgh 30, Pa. 


PIONEERS IN THE FIELD OF AIR-COOLED TRANSFORMERS 
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HIGHLIGHTS........ 


Professional Unity. Outlining a program 
to promote professional unity among 
engineers, James F, Fairman suggests 
that the project start in colleges. Co- 
operation among the student members 
of various engineering societies should be 
encouraged by fostering one over-all engi- 
neering society, and practicing engineers 
should help give the students a better 
understanding of what it means to be a 
member of the profession (pages 1027-3). 
To study further the subject of increased 
unity for engineers, an exploratory meeting 
was held on October 20 at the invitation 
of Engineers Joint Council and participated 
in by representatives of the leading engi- 
neering societies of the country. Asa result 
of the discussion, a Planning Committee 
was appointed from members of the group 
(page 7770). 


Winter General Meeting. With head- 
quarters in New York City’s Hotel Statler, 
the AIEE Winter General Meeting for 
1950 is scheduled to run from January 30 
through February 3. As usual, this popular 
meeting will feature a comprehensive tech- 
nical program, a number of interesting 
inspection trips, and a full roster of enter- 
tainment events (page 7099). 


Power Conference Scheduled. Announce- 
ment has been made of the first Special 
Technical Conference to be sponsored by 
committees within the Power Group. With 
power generation and industrial power 
systems as the subject, it will be held in 
Pittsburgh, Pa., in April 1950 (page 7705). 


Fall General Meeting. Featuring several 
technical sessions on subjects not heretofore 
included on AIEE meeting programs, the 
1949 Fall General Meeting was held in 
Cincinnati, Ohio, October 17-21. An 
interesting schedule of inspection trips 
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and entertainment rounded out an enjoy- 
able week for the members in attendance 
and their guests (pages 7700-03). As usual, 
the technical program for the meeting 
included a number of conference papers 
which are digested briefly in this issue, 
inasmuch as these papers will not appear 
in AIEE Transactions or AIEE Proceedings 
(pages 1091-8). 


Swedish 380-Kv System. The water 
power resources and population con- 
centration in Sweden are widely separated, 
and in order to make full use of the re- 
sources available, Swedish engineers are 
planning a 380-kv system to transmit the 
power to the consumers. An account of 
design problems encountered is told by the 
president and chief engineer of the Swedish 
State Power Board (pages 1025-29). 


Conductivity in Semiconductors. The 
nature of conductivity in semiconductors, 
including nucleon-bombarded and oxide 
semiconductors, is considered in the third 
article of a series on electrical properties 
of semiconductors and the transistor. The 
original papers were presented at a sym- 
posium on the subject at the Summer 
General Meeting (pages 1047-56). 


Electric Instrument Calibration. All 
types of measuring instruments now in use 
can be calibrated by the three self-con- 
tained equipments described by this 
author. One of these units calibrates 
most common d-c instruments; the second 
unit is a d-c dual potentiometer standards 
equipment. Calibration of a-c instruments 
is accomplished with the third unit (pages 
1065-6). 


Power for Television Receivers. Unlike 
a radio, a home television receiver requires 
both a relatively complex low-voltage 
B+ and bias supply and a high-voltage 
power supply. The current requirements 
of the latter range from 100 to 600 micro- 
amperes, thus presenting special design 
problems (pages 7067-5). 


Quality Control. What is new about 
quality control? What is a quality control 
program? Is quality control good only 
for mass production? These are a few 
of the questions which are considered in 
this discussion of quality control as a 
method of management (pages 1069-73). 


Conductive Flooring for Hospitals, Be- 
cause static electricity has been identified 
as one of the chief dangers which must be 
overcome in the design and construction 
of hospitals, the use of conductive flooring 
in such structures is now generally ac- 


AIEE Proceedings 


Order forms for current AIEE Proceedings 
have been published in Electrical Engineering 
as listed below. Each section of AIEE 
Proceedings contains the full, formal text of 
a technical program paper, including dis- 
cussion, if any, as it will appear in the 
annual volume of AIEE Transactions. 

AIEE Proceedings are an interim member- 
ship service, issued in accordance with the 
revised publication policy that became 
effective January 1947 (EE, Dec 46, pp 
567-8; Jan’47, pp 82-3). They are avail- 
able to AIEE Student members, Associates, 
Members, and Fellows only. 

All technical papers issued as AIEE Pro- 
ceedings will appear in Electrical Engineering 
in abbreviated form, 


Location of 
Order Forms 


Meetings Covered 
Southern District 
Winter General (1949) 


South West District 
Summer General 


¢ Pacific General 
Nov ’49, p 51A Be General 


Dec °48, p 35A ae General 


Apr °49, p 25A 
Jul °49, p 47A 


cepted. Test results are presented on two 
materials which are believed to meet 
necessary qualifications at comparatively 
low cost (pages 7085-90). 


Magnetic Ferrites. Because of their low 
electrical conduction, and therefore low 
eddy current losses at higher frequencies, 
the magnetic ferrites find their greatest 
usefulness at communications frequencies. 
Here, real advantages in performance and 
space saving are to be had in inductors, 
transformers, and so forth (pages 1077-80). 


Industrial Electronic Problems. One of 
the difficulties facing a teacher of engineer- 
ing is to invent problems for his students 
which will approximate the problems that 
they will meet later in the profession. 
A good source of material, however, can 
be the practical problems actually en- 
countered in engineering work. Problems 
such as these, diligently worked out by the 
student, not only will present the new 
subject, but will call upon his knowledge 
of subjects previously presented in his 
course (pages 7047-3). 


Growth of West Coast Telephone Service. 
Since 1915, when transcontinental tele- 
phone service was first established, the 
Pacific Coast area has tripled its population 
and increased sevenfold in number of 
telephones and thirtyfold in toll circuit 
mileage. How West Coast utilities have 
kept up with the continually growing de- 
mand for telephone service is described 
comprehensively in this article (pages 
1033-8). 
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500 Fifth Avenue, New York 18, N. Y. Subscription $12 
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Highlights 


REDUCE 
ASSEMBLY 


“g TIME with 


FORMED FIBRE WEDGES 


Try slipping an Inmanco Formed Fibre Wedge into the slot ... 
notice how smoothly it glides in. That’s because Inmanco Wedges 
have superior moisture resistance to keep the ends from spreading 
and prevent other distortion. 

Now, try breaking off the projecting end . . . see how cleanly it 
snaps off at the end of the slot, no time is wasted in cutting the 
wedge to length. These easy insertion and clean break-off features 
save assembly time, reduce your labor costs. 


Q UVICKEST O F ALL Inmanco Formed Fibre Wedges are carried in stock in nine stand- 


ard “U-shaped sizes to meet practically all wedging applications. 

FIBRE WED GES TO IN S TA LL They are supplied in standard 48-in. lengths, in moistureproof bundles 
of 250 feet. Special sizes and lengths can be made to meet your indi- 
vidual requirements. Start saving assembly time, now, with Inmanco 
Formed Fibre Wedges. Write, today, for full information and samples, 
telling us the approximate sizes you use. 


NINE STANDARD ‘U’’-SHAPED STOCK SIZES 


FREE | | SHOWN 
FIBRE WEDGE (je (fe Cra ie ACLURE 


de 


SELECTOR F58 65 
Send for this unique 7 
Selector Card with at- 
tached wedge samples. \ 
Select the proper size just : 
by turning out each wedge F94 F99 F117 Fl44 F199 


and inserting it in the slot. 


INMANCO PRODUCTS ARE MANUFACTURED EXCLUSIVELY BY 


ae, INSULATION 


PEORIA, ILL. 


Complete-Reading Elec. Co., Inc. Insulation Manufacturers Corp. 
Insulation Manufacturers Corp. MANUFACTURERS CORPORATION W. C. Johnson 
CLEVELAND, OHIO 565 W. WASHINGTON BLVD., CHICAGO 6 PORTLAND, ORE. 


Electrical Specialty Co. 
SACRAMENTO, CALIF. 


Insulation Manufacturers Corp. 
DAYTON, OHIO 


Insulation Manufacturers Corp. WHERE TO GET INMANCO Western Fiberglas Supply, Ltd. 
DENVER, COLO. FORMED FIBRE WEDGES SAN FRANCISCO, CALIF. 
Electrical Specialty Co. LOS ANGELES, CALIF. MOBILE, ALA. Electrical Specialty Co. 
DETROIT, MICH. Electrical Specialty Co. Russell Electric Co., Inc. Tri-State Supply Corp. 
H. R. Brethen Tri-State Supply Corp. NEWARK, N. J. Western Fiberglas Supply, Ltd. 
Insulation Manufacturers Corp. Western Fiberglas Supply, Ltd. MINNEAPOLIS, MINN. Robert McKeown Co. SEATTLE, WASH. 
FRESNO, CALIF. MILWAUKEE, WIS. H. A. Holden, Inc. OAKLAND, CALIF. Electrical Specialty Co. 
Western Fiberglas Supply, Ltd. Insulation Manufacturers Corp. Insulation Manufacturers Corp. Western Fiberglas Supply, Ltd. Tri-State Supply Corp. 
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Story on 


(URN PRODUCTS REFWUNG 00. 


All power at Corn Products Refining Co.'s Argo, Illinois, plant is 
controlled by Allis-Chalmers High and Low Voltage switchgear 


— insuring constant power for production of Karo Syrup, 
Mazola Salad Oil, Kre-Mel dessert, Argo and Linit Starches. 


le YOU COULD GO behind the scenes at Corn 

Products, you would see why these household 
products owe their pure quality to controlled pro- 
duction. Many complex operations involve grind- 
ing mills, filters, converters and oil expellers to 
transform corn into starches, syrups, sugars, dex- 
trines and oil . . . all of which must be supplied 
unfailing electric power! 


Protection for Equipment. 


Engineers at Corn Products, like many others,, 


have turned to Allis-Chalmers switchgear to pro- 
tect this costly equip- 
ment. There are 15 
groups of low voltage 
switchgear housing 90 
G-50 600-volt air cir- 
cuit breakers in addition 
to primary high voltage 
Vertical-lift switchgear 
with 600 and 1200 am- 


This standard Allis- 
Chalmers switchgear is 
engineered to provide 
complete protection to 
operating personnel and’ 
equipment, 


Standardized. 


With today’s increas- 
ing demand for electric 
power, industries need 
better power protection. 
For a sure answer look 
into the advantages of 
Allis-Chalmers stand- 
ardized switchgear, 

Easy to install, All- 
steel enclosed, Safety- 
engineered, Breakers mechanically trip-free. These 
features add up to give you economical power pro- 
tection, Call your nearby Allis-Chalmers district 


Low voltage switchgear with G-50 air 
circuit breakers and 1000 kva dry type 
transformer, 


pere oil circuit breakers. office or write direct. 


ALLIS-CHALMERS, 931A SO. 70 ST. 
MILWAUKEE, WIS. 


ALLIS-CHALMER 


First in the U. S. with Metal-Clad Switchgear 


In Argo’s building 53, starch is con- 
verted to syrup. Boiler house and 
substation on right. 


A-2805 
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LO 


SILICONES 


CWS 


Heres How 
XK Suicone lrsuleton 
Reduces Motor Prilure 


Photo courtesy Virginia-Corolina Chemical Corp. 


THIS 300-H.P. silicone insulated motor 
was back in service three hours after be- 
ing flooded with water, mud and waste. 


@ Engineers of Virginia-Carolina Chemical 
Corporation agree that DC Silicone Insu- 
lation is the best solution to motor failure 
caused by excessive moisture. They proved 
this in two identical 300-h.p. motors, one 
wound with Silicone (Class H) and the 
other with Class B insulating materials. 


Located side by side and exposed to the 
same operating conditions, these motors 
are used to pump waste materials at the 
Phosphate Mine in Homeland, Florida. 
After the main line broke last year and 
flooded both motors with water, mud and 
waste, the Class B motor had to be re- 
worked and rebaked. The motor wound 
with Class H insulation was simply cleaned 
with an air hose and the bearings were 
flushed out . . . Three hours later, the 
SILICONE INSULATED motor was back 
in service and operating perfectly. 


That confirms again the fact estab- 
lished by 4 years of motor testing: 
Class H Insulation made with Dow 
Corning Silicones has at least 10 
times the life and 10 times the wet 
insulation resistance of the best in- 
sulating materials previously avail- 
able. For more information on how 
silicone insulated equipment can 
save you time and money, phone 
our nearest branch office or write 
for booklet M-12. 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


Atlanta ¢ Chicago @ Cleveland @ Dallas 
Los Angeles ¢ New York 
In Canada: Fiberglas Canada, Ltd., Toronto 
In England: Albright and Wilson, Ltd., London 
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INDUSTRIAL NOTES .... 


Minnesota Mining and Manufacturing 
Advances Five in Top-Level Manage- 
ment. William L. McKnight, President 
of the Minnesota Mining and Manufactur- 
ing Company since 1929, has been elected 
to the newly created post of Chairman of 
the Board of the company; successor to the 
presidency is Richard P. Carlton, former 
executive Vice-President. Archibald G. 
Bush, former Executive Vice-President, be- 
comes Chairman of the Executive Com- 
mittee; and George H. Halpin and Herbert 
P. Buetow have both been elected as Execu- 
tive Vice-Presidents. 


Rome Cable Acquires Andersen-Carlson 
Manufacturing Company. The Rome 
Cable Corporation, Rome, N. Y., has an- 
nounced the acquisition of the Andersen- 
Carlson Manufacturing Company, Tor- 
rance, Calif., manufacturers of electric 
metallic tubing for the construction indus- 
try since 1946. The California plant will 
continue operation under the direction of 
Messrs. Arthur A. Andersen, President, and 
Gilbert Woodill, Executive Secretary. No 
change in personnel is contemplated. 


IGE Promotion. VV. C. Jesperson has been 
named Sales Manager in the International 
General Electric Company’s Electronics 
and Merchandising Division. Mr. Jesper- 
son’s office will be in New York City. 


General Electric Advances Roberts. 
C. G. Roberts has been appointed Product 
Manager for broadcast and television equip- 
ment for the General Electric Company’s 
Transmitter Division at Syracuse, N. Y. 


Westinghouse News. Edward G. F. 
Arnott has been named acting Research 
Director of the Westinghouse Lamp Divi- 
sion at Bloomfield, N. J. Mr. Arnott, a 
specialist in the study of gas discharges for 
fluorescent lamps and electronic tubes, 
succeeds Dr. Charles M. Slack, who was 
recently appointed Technical Director of 
the Westinghouse Atomic Power Division 
in Pittsburgh, Pa. The company has also 
appointed Ray H. Timmons as Manufac- 
turing Manager of industrial products; 
C. M. Clark to Mr. Timmons’ former 
post, Superintendent of Manufacturing for 
the Transportation and Generator Division; 
and R. P. Wagner, Manager of the indus- 
trial products Advertising and Sales Promo- 
tion Department. 


Kaiser Engineers, Inc., Changes Name. 
The corporate name of Kaiser Engineers, 
Inc., has been changed to Kaiser Indus- 
tries, Inc. The engineering and construc- 
tion division will continue to do business as 
Kaiser Engineers, a Division of Kaiser 
Industries, Inc, The name change in no 
way affects the operations, functions, or 
personnel of Kaiser Engineers, who are 
currently completing the design and con- 
struction of additional facilities at the 
Kaiser Steel mill at Fontana, Calif., esti- 
mated to cost approximately $35,000,000. 
Other projects recently finished or nearing 


completion under their direction include 
the installation of wire and cable-making 
equipment costing $4,500,000 at the Per- 
manente Metals aluminum mill, Newark, 
Ohio, and a new $2,000,000 porcelain 
enameling plant for Kaiser Metal Products, 
Inc., at Bristol, Pa. 


Roger S. Warner Joins Arthur D. Little, 
Inc. Following his resignation as Director 
of Engineering for the Atomic Energy 
Commission, Roger S. Warner has an- 
nounced that he has joined the staff of 
Arthur D, Little, Inc., Cambridge, Mass., 
research and engineering organization. 


William Brand and Company Appoint- 
ment. Robert M. Robinson has been 
named Sales Manager of William Brand 
and Company, manufacturers and distribu- 
tors of the Turbo line of electrical insulating 
materials. 


Minneaplis-Honeywell Expands Facili- 
ties. A one-story factory building contain- 
ing 102,000 square feet has been pur- 
chased by the Minneapolis-Honeywell 
Regulator Company to accommodate ex- 
pansion made necessary by stepped-up 
activity of the company’s Special Products 
Division. This division manufactures the 
aeronautical control devicesmade by Honey- 
well for commercial and military aircraft. 
More than 300 employees are being trans- 
ferred to the new lecation at 1433 Stinson 
Boulevard, Minneapolis, Minn. 


Elliott Company Acquires Crocker- 
Wheeler. The Elliott Company, pro- 
ducers of steam, power, and electric equip- 
ment for process plants, has acquired the 
business and assets of the Crocker-Wheeler 
Division of the Joshua Hendy Corporation. 
The Division will continue to operate under 
its previous management with Charles A. 
Butcher as General Manager. Mr. Butcher 
has also been elected a Vice-President of 
the Elliott Company. 


Transformer Division of Larkin Moves. 
The Larkin Transformer Division of the 
Larkin Lectro Products Corporation has 
relocated their entire plant and office 
facilities to larger quarters in Pine Bluff, 
Ark. Their production of liquid-immersed 
and dry-type power and distribution trans- 
formers will be expanded to include sizes 
up to 10,000-kva and 69-kv class. 


Air Reduction Management Changes. 
H. R. Salisbury has been made President of 
the Air Reduction Sales Company, and 
H. F. Henriques, J. J. Lincoln, Jr., S. B. 
Stouffer, and N. L. Wisser were appointed 
Vice-Presidents. 


Dr. James G. Buck Joins Sylvania Re- 
search Staff. Dr. James G. Buck has been 
named Head of the cathode chemistry 
group at the Product Development Labora- 
tories, Sylvania Electric Products, Inc. 


(Continued on page 22A) 
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Asbestos-Base El 


ecirical Insulations 


A variety of types of electrical insulations as produced by combining glass, 
mica, and organic papers and films with Quinorgo #3000 or #4000. 


NORCO 


#3000 AND #4000 


New, economical, high-temperature insulations with a previously 


unattainable combination of dielectric and mechanical properties 


Quinorgo #3000 and Quinorgo #4000 
are two new insulations developed by 
Johns-Manville. Each can be used alone 
or in combination with other dielectrics. 
In the latter use they can be either treated 
or coated with insulating varnishes, or 
combined with organic or inorganic 
electrical insulating sheets or films. 
Quinorgo insulations contain 80% or 
more of specially processed asbestos 
fiber, the remainder being selected 
organic fibers and binders. The two types 
differ in that the organic portion of 
Quinorgo #4000 contains a small amount 
(3% or less) of resin not present in 
Quinorgo #3000. The resin slightly re- 
duces absorption and penetration. 
These highly improved forms of asbes- 
tos electrical insulations have extreme 
uniformity of texture and caliper (from 
.005” to .015”). They are furnished in 


continuous rolls, in tapes of exact widths 
and in sheets cut to size. 


Excellent for compactness — Quinorgo 
#3000 and #4000 have important advantages 
where asbestos papers previously could not 
be used because they were too thick, their 
dielectric too low, or strength inadequate. 


Excellent for “composites” — Quinorgo 
#4000, because of its heat resistance, closed 
nonwoven structure, uniform thickness and 
special penetration characteristics, is ideal 
for use in composite insulations. 


For example, it may be coated on one sur- 
face with shellac or varnish to permit 
bonding or cementing to it such mechanically 
or dielectrically stronger materials as inor- 
ganic woven cloths and mica or organic 
cellulose films or sheets. The opposite surface 
remains ready for absorption of treating var- 
nishes used in the further processing of 
equipment after the composite insulation 
has been applied. 


Excellent for economies—Quinorgo #3000 
and #4000 may be economically substituted 
for quality grade organic or inorganic layer 
insulation. When varnish-protected in appa- 
ratus, they will perform indefinitely because 
of their high asbestos content. (Hot-spot 
temperatures to 130C). 

We will be glad to provide you with sam- 
ples and further information about Quinorgo 
insulations. Write Johns-Manville, Box 290, 
New York 16, N. Y. 


General average properties 
of Quinorgo #3000 and #4000 


1” wide 
Longitude 
T.S. Ibs 


Thick- Lbs Per 
ness 100 sq ft 


Dielec 
Min VPM 


3000-4000 3000-4000 
1.7 14°«15 
2.5 18 #19 
4.0 20 «(21 

26 «28 


3000-4000 
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BUILT LIKE A OK 


o2e TO SAVE 
FLOOR SPACE 


The idea of the skyscraper is to best 
utilize extremely valuable land space. 
The large PECo battery chargers are 
built on the skyscraper principle—com- 
pact and upright—to save you increas- 
ingly valuable floor space. Actually, they 
occupy less than 1 sq. ft. per KW... No 
special foundations are necessary ... 
Capacities can be increased by opera- 
tion of two or more chargers in parallel 
.-. All control sections are readily acces- 
sible. Rectifier assemblies are on remov- 


Gann gibbon able trays to facilitate inspection or 

“GB Bt service ... Fully automatic; electronically 

3 gs or magnetically controlled and regulated; 

3l|** \ ioe accurate floating voltagecon- 

5 g) IE trol within +1%... Complete 

Sarolrs 7 7al| er range of sizes up to 10 KW 

ReMeel ZCI leap ut ...Write for all the facts. 
Regus 


POWER EQUIPMEN 


-tescopmensmnenne sc rcgsemecenmmmesontte' Se egqpam 


ecialists in 


55 ANTOINETTE STREET # OETROIT 2, MICHIGAN 
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Dr. Buck was formerly an assistant professor 
of physics at the University of Notre Dame. 


Radio Inventions, Inc., Changes Name. 
John V. L. Hogan, President of Radio 
Inventions, Inc., has moved his office from 
730 Fifth Avenue, New York City, to the 
laboratory offices at 155 Perry Street, New 
York, 14, N. Y., and in order to identify all] 
the activities of the organization as closely 
as possible with him, the name of the cor- 
poration has been changed to Hogan 
Laboratories, Inc. As this is a change in 
name only, all personnel and corporate 
organization remain as before, 


NEW PRODUCTS e e 


Leeds and Northrup Recorder. A new 
Speedomax recorder now automatically 
plots the relationship between two vari- 
ables, showing one as a function of the 
other. The variables to be plotted are con- 
verted to d-c signals, and connected to the 
instrument, one to the horizontal axis and 
the other to the vertical axis, resulting in a 
permanent record, plotted in a few min- 
utes. The new instrument has two cir- 
cuits, instead of the usual one; pen travel 
(X axis) is controlled by the Speedomax G 
electronic circuit; a similar circuit controls 
the chart paper drive (Y axis) and makesit 
reversible. Thus, the new recorder makes 
it possible automatically to draw curves 
such as a hysteresis loop, temperature versus 
temperature difference, stress versus strain. 
or other 2-variable curves. Further infor- 
mation is available by writing to the Leeds 
and Northrup Company, 4934 Stenton 
Avenue, Philadelphia 44, Pa. 


Six-Pole Shaded-Pole Fractional-Horse- 
power Motor. Fasco Industries, Inc., 
manufacturers of shaded-pole fractional 
horsepower motors, have announced a new 
6-pole model. Power ratings of the new 
motor range from 1/8 horsepower to 1/30 
horsepower at speeds from 1,000 rpm when 
operated at rated voltage. Further speed 
reductions are possible down to 500 rpm by 
the use of choke control coils. Designs are 
available for horizontal or vertical opera- 
tion, and are applicable for use in fans, 
ventilators, and other types of air movers. 
Additional information may be had by 
writing to the company at Rochester, N. Y. 


Rotary Actuators. Lear, Inc., 110 Ionia 
Avenue, N.W., Grand Rapids 2, Mich.., 
has designed a new series of rotary actua- 
tors, automatically controlled  electro- 
mechanical power converters designed to 
drive mechanisms requiring high torques 
for a few degrees of rotation or several 
revolutions. Basic features of the new 
instruments are split-field reversible, ex- 
plosion-proof d-c motor; electromagneti 
brake; planetary gear assembly; and cir- 
cuit switch assembly. Weight reductions 
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information may be obtained by writing to 
the Electromechanical Division of the 
company 


(Continued from page 22A) 


are up to 75 per cent over former models: 
standard gear assemblies are designed to 
withstand a maximum load of 45 pound- 
inches and special designs are available 
which are capable of withstanding torques 


Electronic Adjustable Speed Drive. A 
new fractional-horsepower Mot-O-Trol 
up to 200 pound-inches without mechanical electronic adjustable-speed drive is avail- 
failure. These actuators are especially able from Westinghouse Electric Corpora- 
suited for aircraft application. Additional tion. Thecontrol starts, stops, and controls 


PHOTOELECTRIC RECORDER 


— 


ACCURATE \ 
RECORDS }) Ge 
LIKE THIS Sig 


can help solve your problems, too 


Here the General Electric photoelectric recorder is being used with an electric tachometer to record 


minute variations in the speed of a motor under development for the textile industry. It is part of an 
experiment with a tensiometer aimed at achieving uniform ‘winding tension’’ for weaving bobbins, 
This should lead to greater production and better woven products. The G-E photoelectric recorder is 
playing a vital part in this development. 


EXAMINE YOUR DEVELOPMENT AND PRODUCTION OPERATIONS— 
then consider the G-E recorder. It can help you solve many problems by supplying accurate, high- 
speed records of phenomena such as— 

Current 
Pressure 


Temperature Light Thickness 
Air Flow Vibration Speed 
Magnetic Flux—or almost any other quantity that can be measured by an indicating instrument. 


EXTREMELY SENSITIVE—This versatile instrument comes in two basic forms, a deflection 


type using a pivoted or suspension-type measurement instrument, and a potentiometer type operating 
on the null-balance principle. Both types are sensitive far beyond the range of ordinary recording 


Voltage 
Strain 


instruments. 


HIGH-SPEED RESPONSE—tThe photoelectric balancing system rapidly moves the recording 
mechanism to follow exactly the deflection of the measuring instrument or null-balance detector. 
Yet, it imposes virtually no additional burden on the circuit. 


WIDE RANGE OF CHART SPEEDS AND SENSITIVITIES—Chart speeds range 
fron 2 inch per hour to 72 inches per minute. Response speeds can be as fast as Y% second for 
full-scale deflection. And sensitivities can be obtained for values as low as 1.0 microampere full scale. 


Full details on the other advantages of these instruments, plus operating principles, ratings, prices, 
etc. are contained in Bulletin GEC-254. Write for your copy today. Apparatus Department, General 
Electric Company, Schenectady 5, N. Y. 
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the speeds of one-eighth- to one-half-horse- 
power d-c motors, operated from single- 
phase 50/60-cycle 220/440-volt power 
sources, Armature control makes possible 
a speed range of 20 to 1 at constant torque. 
For further details, write Westinghouse 
Electric Corporation, P. O. Box 868, Pitts- 
burgh, 30, Pa. 


General Electric Developments. Gen- 
eral Electric has announced a new line of 
lifetime-lubricated, shaded-pole motors de- 
signed for operation in any position. Desig- 
nated as Type ASP, the motors are avail- 
able in either open or totally enclosed con- 
struction; ratings range from 25 milli- 
horsepower (1/40 horsepower) through 
1/12 horsepower at 115 or 230 volts, 1,050 
or 1,550 rpm, 60 cycles. 

Another recent development at General 
Electric is an ION series of Hi-surge fuse 
links which will provide improved over- 
current protection where 10-ampere mini 
mum fusing has been used previously 
Available in 2-, 3-, 5-, and 8-ampere rat- 
ings for overcurrent protection, each of the 
new links also provides the same surge pro- 
tection as a 10-ampere universal cable-type 
fuse. 

Third new development at G-E is a unit- 
combination arrester and cutout, which 
combines the basic design featutés of the 
9-kv hi-stroke arrester and the 7.8-kv 50- 
ampere flip-open cutout, to provide low- 
cost protection of conventional distribution 
transformers on rural lines rated 7,200/12.- 
470 and 7,620/13,200-volts grounded ). 
Construction of the cutout permits a fuse 
link to be inserted in the wedge-type con- 
tacts from either side, while helical-wound 
springs retard side sway of contact arm and 
protect the link from vibration stresses. A 
built-in reserve of gas-evolving material 
compansates for erosion. 

For further data write to the Appa- 
ratus Department, General Electric Com- 
pany, Schenectady 5, N. Y. 


Chance Connectors. The A. B. Chance 
Company, Centralia, Mo., has produced 
a new line of power connectors, terminals, 
and bus supports, such as tee, cross, stud, 
and ground connectors, couplers, reducers, 
elbows, tubing and plug terminals, and 
tubing and cable bus supports. Additional 
information on the new line may be had 
from the company. 


Low-Cost Panelboard. The Trumbull 
Electric Manufacturing Company has 
designed a new panelboard designed to 
provide economical group and branch cir- 
cuit control of lighting distribution for all 
industrial and commercial applications. 
The NTPR paneboard, available in six to 
42 circuits, has a hot-molded phenolic sec- 
tion containing six complete circuits. An 
illustrated bulletin, TEC-4, which com- 
pletely describes the panelboard, may be 
obtained by writing to The Trumbull 
Electric Manufacturing Company at Plain- 
ville, Conn, 


Miniature Relay. Frame 787, a box-like 
relay structure which offers maximum 
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This General Electric power connector can 
simplify your inventory by 63% to 83% 


Ps Vi ibs 


Five General Electric power connectors of the type shown 
above will handle a// the 22 conductor sizes listed in the table*. 
Compare this feature with other brands that usually require a 
different connector for each conductor size. You'll immediately 
realize how much G-E connectors can cut your stock costs by 
reducing the number of connectors required. 


Here are other ways you canSAVE by using G-E connectors. 


SAVE TIME—-Noo more stock room safaris hunting for odd-size 
connectors. When you stock General Electric connectors, you 
stock fewer connectors. Also, you save time in ordering—you 
don’t have to search through bulky catalogs looking for con- 
nectors that are seldom used and are a nuisance to order, besides 
taking up valuable stock space. G-E connectors are easy to order 
for the simple reason that you don’t have to order so many 
varieties. 

SAVE SPACE- Yess stock room space required when you use G-E 
connectors because fewer connectors are needed to take care 
of the same range of conductor sizes that you’re using now. 
SAVE MONEY When you use G-E connectors you reduce stock 
storage costs, and you save valuable time in ordering. 


CHECK THESE ADDITIONAL FEATURES OF GENERAL 
ELECTRIC CONNECTORS 

SILVER CONTACT SURFACES are a standard feature on all G-E 
connectors for use with copper conductors—at no extra cost. 
This eliminates oxidation problems, assures lower contact losses 
and longer life. 

SERRATED CONTACT SURFACES give extremely high pull-out strength 
and a permanent, high-conductivity joint that will resist vibra- 
tion and give positive pressure on the cable at all times. 
NON-CORRODIBLE HARDWAREis of high-strength bronze alloy that 
gives tight and trouble-free service. G-E connectors will not 
twist, distort, or season crack. 


INTERLOCKING SIDES confine the strands of the cable within the 
conductor enclosure, thus obtaining full advantage of the 
cable’s current-carrying capacity. 

Place an order today with your G-E sales representative and 
start realizing the many benefits to be gained by using this new 
line of General Electric connectors. Also, write for a copy of 
bulletin GEC-400 that contains 38 pages of valuable informa- 
tion on these new connectors, and see for yourself how easy 
they are to order. Write to Apparatus Department, Section K 856- 
51, General Electric Company, Schenectady 5, New York. 

* General Electric connectors come in a wide range of sizes 
and types—straight, tee, block, angle, parallel, expansion, 
ground, and many others. See bulletin GEC-400 for the com- 
plete line. 


G-E Block Terminal 


' Cohnector—Class A-2 


Con- General Connector | Connector |} Connector | Connector 
ductor Electric 
size | Catalog No.| Mfg. A Mfg. B Mfg. C Mfg. D 
6151174-9 
a I/0? One G-E sh a us vi 
2/0 connector V a/ / / 
replaces 6, / / 
3/0 stock is » - 2 Vv S Vv 
4/0 reduced V \/ 4/ a/ 
250 | 83% % Yy, V J a) 
300 Y air shoes V/ Vv AZ 
350 | V “/ A a7 
400 / None |  V. None 
500 | 6151174-59 a/ / / a/ 
600 None _ None a/ a/ 
VY, IPS Y / None a/ Ruf 
700 None None V None 
750 None None / a/ 
800 | 6151174-88! None None a/ / 
1000 | None | _ None Vv a/ 
3/4 IPS / / a/ / 
STSTI7ATTG 
1250 | One G-E None None a/ a/ 
connector 
1500 | replaces 3, None None a/ a/ 
stock is re- 
1 IPS | duced 667% None None a/ a/ 
1750 None None Vv / 
2000 OVS IZ sal AG None “None _ a/ awd 
1% IPS Y None None None a/ 
11 connec-| 9 connec- | 21 dif- 20 differ- 
Only 5 G-E tors for | tors for 9| ferent ent connec- 
connectors for 11 cond. | cond.sizes.| connec- tors for 20 
ALL 22 conductor | sizes, No |No con- | tors for cond, 
sizes connec- nectors 21 cond. | sizes 
tors avail-| available | sizes 
able for for 11 con- 
11 con- ductor 
ductor sizes 
sizes 


\/ Indicates a different connector. 
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—You'll Find 


the NEW 4th EDITION 


of 


Pender’s 


i CELECTRICAL 
ENGINEERS’ HANDBOOK 


more useful than ever 


Editor-in-Chief, HAROLD PENDER, Consultant (formerly Dean) Moore School of Electrical 
Engineering, University of Pennsylvania 


Volume I—ELECTRIC POWER with WILLIAM A. Del MAR, Chief Engineer, 
Habirshaw Cable and Wire Division, Phelps Dodge Copper Products Corporation 


Volume II — COMMUNICATION =— ELECTRONICS with KNOX 
McILWAIN, Chief Consulting Engineer, Hazeltine Electronics Corporation 


(Both volumes are part of the Wiley Engineering Handbook Series.) 


Pender’s compact collection of practical data, charts and tables has been 
completely revised and rewritten. The fourth edition retains the copious 
illustrations, thorough presentation, and compact and durable format 
that characterized the earlier editions and at the same time incorporates 
important new features. 


NEW TOPICS INCLUDED IN 4th EDITION 


Circuit stability @ symmetrical components e electronic rectifiers @ 
aircraft equipment e servomechanisms @ permanent magnets e plastic 
insulating materials e dielectric heating e frequency modulation e 
microwave plumbing e pulse techniques in communication and radar e 
and other subjects. 


Volume I—ELECTRIC POWER comprises nineteen sections—each a thorough 
treatment by experts in the field. There are over 400 additional pages in this 
volume. Typical subjects covered are: properties of materials, wiring of build- 
ings, power transmission and distribution, testing of D-C machines, and electrical 
equipment in aircraft. 


Volume II—COMMUNICATION—ELECTRONICS will be ready soon. Because 
the electronics field has advanced so extensively in past years, it has been necessary 
to increase many portions of the book to include current developments. In par- 
ticular, frequency modulation and all the pulse techniques in both the communica- 
tion and radar fields appear in the volume for the first time. 


The two volumes can be purchased separately or as a set. Together, they offer 
complete coverage of the electrical engineering field. Separately they make con- 
venient individual working tools for those with specialized interests in the field. 


EXAMINE BOOK FOR 10 DAYS 


ON APPROVAL COUPON 


te eer ae i rp el ae 


JOHN WILEY & SONS, INC. 
440 FOURTH AVE., NEW YORK 16, N. Y. 


Volume I October 1949 
1716 pages 977 illus. $8.50 


Volume II In Preparation 


Please send me, on 10 days’ approval, a copy 
of Pender’s ELECTRICAL ENGINEERS’ 
HANDBOOK, Volume I—-ELECTRIC POWER. 
If I decide to keep the book I will remit $8.50 
plus postage; otherwise I will return the book 
Postpaid. 

Name). isccs ccna: ae ee eee 


City sa8<-. &.. ae ‘Zone... State an. fon 


(Offer not valid outside U. S.) EE-12-49 
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resistance to mechanical stress for low- 
voltage d-c application, has been an- 
nounced by Struthers-Dunn. A completely 
balanced armature minimizes false contact 
operation under shock and _ vibration; 
50 per cent more coil volume than existing 
types of comparable size assures positive 
operation of strong leaf spring contacts. 
Bulletin 2670, which further describes these 
relays, will be sent on request to Struthers- 
Dunn, Inc., 150 N. 13th Street, Philadel- 
phia 7, Pa. 


Portable Potentiometer. Designed es- 
pecially for use in testing corrosion along 
pipe lines, cables, and other buried meta] 
structures, Leeds and Northrup’s new port- 
able potentiometer makes it possible to 
obtain fast, accurate readings over the wide 
range encountered when investigating gal- 
vanic and electrolytic action. Total range 
of the instrument is zero to 4.1 volts, 
measurable in millivolt steps. This range 
is subdivided into 12 different steps, some of 
which overlap. An electromotive force 
reversing key makes it possible to measure 
opposite polarities without changing leads. 
Standardization is not affected by switching 
the reversing key or changing ranges. 
Current is provided by flashlight batteries 
and bindingposts are provided for connec- 
tion to any external 6-volt d-c source when 
needed. The Leeds and Northrup Com- 
pany, 4934 Stenton Avenue, Philadelphia 
44, Pa., will furnish any additional details. 


Two-Bolt Connector. W. N. Matthews 
Corporation, 3850 Delor Street, St. Louis, 
Mo., has announced development of the 
642 Matthews Uniclamp, a new 2-bolt 
connector, which makes possible the same 
type of connections on conductors as smal] 
as six solid, which previously have been 
available on conductors of 1/0 and above. 
The connector is cold-forged of copper, and 
is applicable to the making of copper to 
copper; copper to aluminum; and alu- 
minum to aluminum connections. Fur- 
ther information is available from the com- 


pany. 


Ceramic Capacitors. Wafer-thin multi- 
section capacitors designed for bypass and 
coupling applications, have been introduced 
by the Sprague Electric Company. Known 
as Sprague BULPLATE ceramic capaci- 
tors, the new units are furnished with either 
multiple capacitor sections alone or in com- 
bination with printed wiring, shielding, and 
other printed details. They are covered 
with moisture-proof coating that protects 
them against short-circuiting to other 
components as well as severe conditions of 
humidity, temperature, and vibration, A 
typical BULPLATE 1!/s-inch long by 5/8- 
inch wide (exclusive of leads) may combine 
five capacitors of 0.002; 0.001; 0.00015 
and two of 0.005 microfarad, or other 
values as desired. Sprague Engineering 
Bulletin Number 607A giving full details of 
the capacitors will be sent upon request to 
The Sprague Electric Company at North 
Adams, Mass. 
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A COMPLETE LINE 


»+.from 7.5 to 230 kv. For 
further details of these dis- 
connects see your nearest G-E 
sales representative or write 
for bulletin GEA-4980 that 
pictorially shows the features 
of this switch in the new 
multi-exposure photo tech- 
nique. Apparatus Department, 
Company, 


General Electric 


Schenectady 5, New York. 
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DISCONNECTS 


BLADE MECHANISM has no cams or braids, is of simplified, easy- 


maintenance construction. Antifriction bearings are used on all main moving 


parts. This makes the switch exceptionally easy to operate at all times, espe- 


cially under ‘glaze storm’’ and other severe weather conditions. 


SILVER-TO-SILVER contact surfaces assure positive contact at all times and 
eliminate oxidation troubles that often cause annoying maintenance. You get 


power flow with no losses. This gives you a switch that doesn’t overheat. 


STURDY CONTACTS have U-shaped “fingers’‘ with silver contact surfaces 
that are backed by noncurrent-carrying, stainless-steel springs. The housing, 


a strong casting, protects the fingers from dirt and ice. 


BASE is a sturdy channel that will remain rigid even though the switch is put 
through high stresses under abnormal operating conditions. Also, Type RF 


switches are easy to line up on structures. 
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STODDART NM-10A. 


RADIO INTERFERENCE AND FIELD INTENSITY METER 


*@ MEASURES radiated and conducted 
signals, including pulse or random 
interference. 


either balanced or unbalanced, one 
microvolt to one volt. 


READS directly in microvolts and db. 


A.C. POWER SUPPLY REQUIREMENTS 
105 to 125 volts or 210 to 250 
volts A.C. Single phase source may 

; be ANY FREQUENCY BETWEEN 50 
fo 2 ee eparcseiete.cFeae BeOS CPS AND 1600 CPS. No shock hazard. 
using shielded loop antennas 10 


microvolts-per-meter to 100 volts-per- @ GRAPHIC RECORDER included with 
meter. As a two-terminal voltmeter, versatile complement of accessories. 


RANGE—14 ke to 250 ke. 


SENSITIVITY — Field strength using 
rod antennas one microvolt-per-meter 


Write for complete technical data 


STODDART AIRCRAFT RADIO CO. 


Main office and plant: 1346 Connecticut Ave. 
6644 Santa Monica Blvd. 8-247 emacs Motors Bldg. auPpont Circle Bldg. 
Hollywood 38, Calif. Detroit . diet kre Washington 6, D. C. 
Phone: Hillside 9294 Phone: Trinity ‘ Phone: Hudson 7313 
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Report on 
GUIDING PRINCIPLES for DIELECTRIC TESTS 
(Published for’comment and criticism) 


The service record of electric equipment depends largely upon the performance of 
its insulation, and it has long been the practice to test new insulation at a voltage 
appreciably greater than its rated operating voltage. Dielectric test voltages 
should be chosen to result in good operating performance and satisfactory life. 
The purpose of this report (AIEE No. 51, September, 1949) therefore, is (1) to pre- 
sent a survey of the overvoltages encountered in service, (2) to review existing 
test values and practices in present standards, (3) to propose guiding principles 
for the selection of dielectric test values, and (4) to investigate other types of testing 
to determine their latent usefulness and the desirability of standardization. 


+ a 


Proposed Standard for 
AUTOMATIC CIRCUIT RECLOSERS for 
DISTRIBUTION SYSTEMS 


(Proposed for one year trial use) 


This standard (AIEE No. 50, September, 1949) applies to all single or multipole a-c 
automatic circuit reclosers rated from 1,500 to 15,000 volts. The work of pre- 
paring this standard was carried out by the Working Group on Automatic Circuit 
Reclosers under the Circuit Breaker Subcommittee of the AIEE Committee on 
Switchgear. 


There is no charge for these publications, Orders "should be sent to: 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
33 West 39th Street 
New York 18, N. Y. 


Very Low Frequencies covered by the... 
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TRADE LITERATURE 


‘ 

Industrial Capacitor Slide Film. ‘‘Sittin’ 
and Savin’,”’ a color-sound slide film de- 
signed specifically for the cost-conscious 
industrial plant engineer, has been pro- 
duced by the General Electric Company. 
The film demonstrates how the average 
capacitor installation results in a 30 to 60 
per cent investment return on every dollar 
spent. Prints of the film are now available 
and showing may be arranged for inter- 
ested parties through General Electric sales 
engineers or General Electric district 
offices throughout the United States. 


Heptafluorobutyric Acid. The Minne- 
sota Mining and Manufacturing Company, 
New Products Division, Saint Paul 6, 
Minn., has issued a new booklet on Hepta- 
fluorobutyric Acid, a completely fluorin- 
ated reactive fluorochemical. Most of 
the information in the booklet has been 
previously presented in papers at the 116th 
National Meeting of the American Chemi- 
cal Society at Atlantic City, N. J., in Sep- 
tember 1949, Research quantities of 
heptafluorobutyric acid are available, and 
samples will be supplied upon request, as 
well as copies of the booklet. 


“Case of the Metal That Was Caught.” 
Design and operation of the Allis-Chalmers 
metal detector, an electronic sentry de- 
signed to safegvard nonmetallic products, 
are described in a new 20-page bulletin 
released by the company. The metal 
detector spots all kinds of metal in particles 
as small as 0.039 inch in diameter, regard- 
less of how deeply imbedded in the material 
they may be. It is being used in the plas- 
tics, food, confectionery, paper, rubber, 
textile, tobacco, ceramics, grain, and other 
industries. Copies of ‘‘Case of the Metal 
That Was Caught,’ Bulletin 74B7277A, 
are available upon request from Allis- 
Chalmers Manufacturing Company, South 
70th Street, Milwaukee, Wis. 


Cathode-Ray Oscillographs. The Allen 
B. Du Mont Laboratories, Inc., Instrument 
Division, 1000 Main Avenue, Clifton, N. J., 
has issued a pamphlet which deals with the 
recently developed Du Mont Types 304 and 
304-H cathode-ray oscillographs, which 
replace the well-known Type 208-B. 
Copies of the booklet are available upon re- 
quest to the company. 


Chance Tips. Volume 77, Number 3 of 
“Chance Tips,’ published by the A. B. 
Chance Company, Centralia, Mo., discusses 
the design and performance of hot tap 
clamps. The bulletin may be obtained by 
writing to the company. 


Rockbestos Publications. ‘‘The Story of 
an Insulation,”’ (a trans-vision booklet) and 
“Rockbestos AVC Cuts Cable Costs,” are 
two recent publications issued by the Rock- 
bestos Products Corporation, to aid elec- 
trical engineers working in low-voltage 
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| 
| For dependability, use 


|| OIL IMMERSED 
MOTOR CONTROL 


im corrosive and hazardous 


locations 


¢ 780 KBF-1, Frame 
sed position. 
for 
Note P ; 
straightthry : 


connections: 


OR use in chemical plants, oil refineries, steel mills 
and cement plants—in locations where the atmos- 
phere is charged with highly corrosive elements or 
explosive dust and gases—Rowan engineers designed 
the 780-1 series of oil immersed motor starters for 
Class I, Group D locations NEMA Type VIII en- 
closures. 


Rowan type 780 KBF-1 Combination Starters, con- 
sist of heavy duty magnetic contactors of the clapper 
type, giving high speed closing and opening with 
positive roll and wipe action, magnetic overload 
relays with inverse time element by means of Rowan 
AIR SEAL dashpots, each relay is individually 
tested and calibrated. Safety disconnect switch 
is of the contactor type with quick make and break 
mechanism and equipped with Rowan time tested 
AIR SEAL fuses—top and tank are mechanically 
interlocked with safety disconnect handle for positive 
safety with provision for padlocking operating handle 
in the OFF position. 


Complete information available in Bulletin form. 


DWAN CONTROL 


| THE ROWAN (ONTROLLER (0. BALTIMORE M2. 


an 
on 
> 
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American Standard 
LETTER SYMBOLS 
for 


ELECTRICAL 
QUANTITIES 


This new American 
Standard (Z10.5—June 
1949) prepared by a sub- 
committee of the Sec- 
tional Committee on 
Letter Symbols and Ab- 
breviations for Science 
and Engineering, is a 
revision of ASA Z10gl 
and AIEE 17gl. 

General principles of 
letter symbol standardi- 
zation, a typographical 
notation for distinguish- 
ing, in the equations of 
the printed page, be- 
tween the symbols for 
scalar, complex (phasor), 
and vector quantities are 
given, as well as tabula- 
tions of the symbols in 
alphabetical order of the 
names of quantities, Eng- 
lish letter symbols, and 
Greek letter symbols. 


Price: $0.60; 50 per cent 
discount to AIEE mem- 
bers on single copies. 


Address orders to: 


ATEE 
ORDER DEPARTMENT 
33 West 39th Street 
New York 18, N. Y. 
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wiring. Both are available upon request 
to the company at New Haven 4, Conn. 


Telemetering Systems. A 20-page, illus- 
trated bulletin, GEA-5233, which describes 
the newest General Electric telemetering 
equipment for electric power distribution 
and industrial applications, has been re- 
leased. The bulletin gives detailed infor- 
mation on the frequency-type, torque- 
balance-type, and photoelectric-type tele- 
meters manufactured by the company. 
Copies are available from the General 
Electric Company, Schenectady 5, N. Y. 


“Welding Notes for Engineers.” Pub- 
lished twice a month by the Eutectic Weld- 
ing Alloys Corporation, 40 Worth Street, 
New York 13, N. Y., ““Welding Notes for 
Engineers”’ is a bulletin devoted to unusual 
stories of salvage by welding and solutions 
of difficult fabrication problems. Copies 
are available from the company. 


Lightning Arresters. The Electric Serv- 
ice and. Manufacturing Company has 
issued a booklet entitled ‘‘Impulse Spark- 
over and Discharge Voltage Characteris- 
tics of Lightning Arresters and Their Co- 
ordination with Impulse Withstand Volt- 
age Characteristics of Transformer Insula- 
tion.” The booklet may be obtained by 
writing to the company at 17th and Cam- 
bria Streets, Philadelphia 32, Pa. 


“Outdoor Oil Circuit Breakers.” Out- 
door oil circuit breakers designed for use on 
a-c general distribution service where cir- 
cuit breakers of 50,000 and 100,000 kva 
interrupting capacity are required, are 
described and illustrated in a 38-page 
catalogue released by Roller-Smith, Beth- 
lehem, Pa. Copies of catalogue 3640 may 
be obtained by writing to the company. 


“Everything in Radio and Electronics.” 
The Allied Radio Corporation of Chicago 
has published its new 1950 196-page cata- 
logue, covering equipment for “‘Everything 
in Radio and Electronics.” The buying 
guide may be obtained by writing to the 
company at 833 West Jackson Boulevard, 
Chicago 7, Ill. 


Die-Less Duplicating. The Di-Arco sys- 
tem of die-less duplicating is described in a 
40-page catalog published by the O’Niel- 
Irwin Manufacturing Company, Lake City, 
Minn., creators of the system. Copies are 
available from the company. 


Threading of Stainless. The Cooper 
Alloy Foundry Company has issued a 
folder on threading of stainless steel, en- 
titled “‘Don’t Fear Threading of Stainless.”’ 
Actual case studies, other data are pre- 
sented. Copies may be obtained from the 
company at Hillside 5, N. J. 


Graphitar. A 64-page wire-bound catalog 
describing the properties, chemical resist- 
ance, manufacturing limitations, and 
engineering uses of Graphitar, a carbon- 
graphite product of The United States 
Graphite Company, Saginaw, Mich., is 
available upon request to the company. 
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NEW 
AIEE 


STANDARDS 


No. 550 
Master Test Code for Re- 
sistance Measurement. 


May 1949. Price: $0.80. 


No. 600 
Recommended  Specifica- 
tion for Speed-Governing 
of Steam Turbines Intended 
to Drive Electric Genera- 
tors Rated 500 Kw and Up. 
May 1949. Price: $0.60. 


Nos. 601 and 602 
Preferred Standards for 
Large 3,600-Rpm 3-Phase 
60-Cycle Condensing 
Steam Turbine-Generators 
(Larger Than 10,000-Kw 
Rated Capacity) 
and 
Standard Specification 
Data for Generators for 
Large 3,600-Rpm 3-Phase 
60-Cycle 
Steam Turbine-Generators 
(Larger Than 10,000-Kw 
Rated Capacity). May 
1949. Price: $0.60. 


Condensing 


There is a 50 per cent dis- 
count to AIEE members on 
single copies. Orders for 


the above should be sent to 
the AIEE Order Department, 
33 West 39th Street, New 
York 18, N. Y. 
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SAVE 


ON THESE 


WAYS WITH 


IMPORTANT JOBS: 


airport lighting . . . street lighting . . . highway lighting .. . 


open air theater lighting . . . athletic field lighting . . . power feeders between buildings 


Lower initial cost. Because Armortite Cable requires 
no Costly lead sheath or metal armor for protection, 
you-make substantial savings on the purchase of cable. 


Dire¢t burial. All the necessary protection for direct 
burial is built into the cable itself. Duct costs are 
eliminated. Long-lived, moisture-proof Hazard Water- 
tite Submarine insulation safeguards the conductors 
electrically. Then a double layer of age-resisting, 
leather-like tape, plastic sealing compound and satu- 
rated jute coverings give Armortite its outstanding 
non-metallic protection against mechanical damage 
and the other potential enemies to cable buried direct 
imthe soil. 


Fast, easy installation. The light weight, and simple 
construction of this non-metallic underground cable 
speeds up handling, makes splicing and terminating 
easier — gives you important installation savings. 


Long, trouble-free service. Years and years of experi- 
éncé have proved that you can forget Hazard Armortite 
Cable, once it’s buried. It continues to carry the load 
day in and day out with none of those costly, annoying 
service interruptions. Since 1926, Armortite has set 
records for long, trouble-free underground cable serv- 
ice. And today, it is made with another improvement 
that will extend this service even longer. Okobesto- 
prene Tape (asbestos fibres compounded with neo- 
prene) is wrapped over the insulated conductors 
instead of braid. This provides an additional seal 
against possible wicking-in of moisture at terminals or 
joints ... extra resistance to mildew, acids, flame or 
alkali... permanent circuit identification. 


For all the details about this cable, ask your Hazard 
representative or write Hazard Insulated Wire Works, 
Division of The Okonite Company, Wilkes-Barre, Pa. 
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WHERE 
HIGH VOLTAGE SWITCHGEAR 
MUST BE: 


RELIABLE 
ENCLOSED 
PACKAGED 


AND YET 


LOW IN COST 


SSee & 


Utilizing Alduti Interrupters and SM 
Power Fuses, S & C Metal-Enclosed 
Switchgear Units offer these impor- 


tant advantages: 


@® Large Savings in Equipment Costs as 
compared with circuit breakers, for Primary 
Switchgear, Secondary Switchgear, and Load 
Center Switchgear installations. 


@ Ease and Economy of Installation because 
all equipment within each unit—including 
meters, arresters, potheads, metering trans- 
formers, etc.—is factory assembled and 
connected. Incoming and outgoing connections 


are readily accessible. 


ELECTRIC 


Formerly SCHWEITZER & CONRAD, INC. 


CODE 
Fuse —\\_»—- Disconnecting Switch aah — 
Lightning Arrester » el: Pothead —p— 


Through Bushing 
NT? SO or wall opening =~) (--- 


Potential Transformer —{ }— 
—ffy— 


® 
6, 


Current Transformer 


$&C Alduti Interrupter Switch 


Above 15,000 volts pa 2 
15,000 volts and below Foret 
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@® Minimum Maintenance Expense since a 
blown fuse is fully restored by simple field 
replacement of its refill unit. Also, in the 
average application, the switches require just 
ordinary switch maintenance. 


Shown here are typical units from reg- 
ular production. Any special design can 


be made to meet your specific require- 


ments. To get this modern, reliable, 


money-saving switchgear for your next 
installation — consult the telephone 
directory for the S&C representative 


in your city, or write us direct. 


COMPANY 


In Canada, Rote Devices, Limited, Toronto 


4 


oat ales so ae ay ee cca 


Typical Performance Characteristics of 
S&C Metal-Enclosed Switchgear Units: 


® Load Current Switching. ..Up to 600 amperes 
on 2,300- to 33,000-volt circuits. 


® Magnetizing Current Switching. .. of trans- 
former banks whose load currents are within the 
continuous current ratings of the switches, that 
is, to 1200 amperes on 2,300- to 13,800-volt 
circuits and 600 amperes above 13,800- to 
33,000-volt circuits. 


© Charging Current Switching ... of three 
phase capacitor banks of 2,000 kvar on 2,300- 
volt circuits; and 3,000 kvar on 4,160- through 
13,800-volt circuits. 


© Short Circuit Protection...to 40,000 
amperes, rms asymmetrical, on 2,300- and 
4,160-volt circuits; 30,000 amperes on 13,800- 
volt circuits; and 20,000 amperes on 33,000-volt 
circuits. Or, stated in symmetrical 3-phase kva; 
104,000; 180,000; 448,000; and 715,000 
respectively. For higher short circuit interrupting 
ability, consult the factory. 


4427 Ravenswood Avenue 


Chicago 40, Illinois, U.S.A. 
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As proved by more than 1,000,000 Kvar in 
over 4,000 capacitor installations, for over a 
decade on utility systems throughout the world. 


CORNELL- DUBILIER 
CAPACITORS 


PRODUCTS OF SPECIALISTS 


IN POWER-FACTOR IMPROVEMENT 


A national average of over a decade of 
trouble-free utility service proves con- 
clusively that, in the power-factor im- 
provement field, the specialist does it 
better. That the experience of these 
utilities will be your experience is not 
a mere paper promise, nor a laboratory 
hope. For C-D capacitors have stood 
the test of time in the field—the tough- 
est test of all. For Consistently Depend- 
able results in the field, specify C-D 
capacitors. Your inquiries are invited. 


Cornell-Dubilier Electric Corporation, Dept. 
B-129, South Plainfield, New Jersey. Other 
plants in New Bedford, Worcester and Brook- 
line, Mass.; Providence, R. I.; Indianapolis, 
Ind. and Cleveland, Ohio, 


Demand dependable C-D Capacitors—built by 
capacitor specialists. 


1,980 Kvar; 4,160 volt, WYE; 3 phase; 60 cycle; 
station-type C-D equipment. 


wre, CO Fold 76a": 
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They Packed a Pole Line Into a Pipe 


Back in the eighties, telephone executives faced 
a dilemma. The public demanded more telephone 
service. But too often, overloaded telephone poles 
just couldn’t carry the extra wires needed, and 
in cities there was no room for extra poles. Could 
wires be packed away in cables a1inderground? 


Yes, but in those days wires in cables were 
only fair conductors of voice vibrations, good 
only for very short distances. Gradually cables 
were improved; soon every city call could travel 


underground; by the early 1900's even cities far 


apart could be linked by cable. 


Then Bell scientists went on to. devise ways 
to get more service out of the wires. They evolved 
carrier systems which transmit 3, 12, or. even 15 
voices over a pair of long distance wires. A co- 
axial cable can carry 1800 conversations or six 
television pictures. This is another product of 
the centralized research that means still better 
service for you in the future. 


BELL TELEPHONE LABORATORIES ExPlorinG AND INVENTING, 
DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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oZone 


THE SUPERIOR OZONE- 
RESISTANT INSULATION 


adds years to cable life... 


The photos above tell their own story. At the top 
is RoZone insulation after being subjected to an 
ozone atmosphere for a period well in excess of 
specification requirements. Note that there is no 
deterioration of compound...no surface checking. 
Below is conventional rubber insulation after a 
much shorter ozone test. These unretouched photos 
demonstrate clearly the superiority of RoZone 
under conditions of ozone cutting when higher 
voltages are involved...all of which means 


ROME CABLE 


Corporation 


It Costs Less to Buy the Best... 
Buy Rome RoZone 
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i 
\ ROME - 
From Bar to Finished Wire 
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Unretouched photo 
of RoZone specimen 
after long time 
ozone fest 


Unretouched photo 
of conventional 
rubber specimen after 
short time ozone test 


ROZONE INSULATION POSSESSES 
e High dielectric and impulse strength 

e Excellent resistance to corona and ozone cutting 
@ Remarkable electrical stability in water 

e Inherent resistance to aging, heat and sunlight 


longer service life and greater dependability. 

Specifying RoZone pays off on many installa- 
tions. For example, high voltage power circuits . . . 
station or supervisory control signal cables . 
street lighting cables... airport lighting and con- 
trol cables as well as general purpose wiring 
where high quality and long life is paramount. 

Write for specification RO-4 today and see why 
leading utilities, industrials and railroads are 
specifying RoZone. 


vt 4, : 
sos 


NEW YORK 


11A 


ATE for an important business meeting because one small 
IF; spring failed. The consequences? An apology to the boss 
... and the purchase of a new alarm—probably of a different 
make. 

Many manufacturers of equipment that use small, precision 
springs have found this fact true: 

U-S-S Amerspring Music Wire is the best wire to use for 
quality spring making. Here’s why they have found it so: If 

Amerspring has high tensile strength coupled with unusual Vou use 
toughness. It has outstanding resistance to fatigue. And it has UM 
the stamina, resiliency, uniformity and freedom from defects 
that are imperative for top performance of small precision “SIC Sfee/ 
springs. ° 
So if springs are important to the performance of your prod- Spring Wire 
uct, remember, U-S-S Amerspring Music Wire is the least 
expensive way to superior performance. 

We can supply Amerspring in the mill quantities you need and 
we can supply it NOW. : 


AMERICAN STEEL & WIRE COMPANY, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA STEEL COMPANY, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS i 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM, SOUTHERN DISTRIBUTORS ~~» 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


“UN ITED STATES $S TEE L 
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Why we 


uit makin 


rubber- covered 


cannon balls 


Saco Den ees Pee es es es Pw Pees Pees es es es femme eens Gem se bee fees meee pees ee fame pes fe ees es es fees ee ee 


E have made—and quit making 

—a lot of things during our 
nearly 100 years in business. Because 
of our “‘know-how”’ in making insu- 
lation of unusual durability, we were 
asked to develop rubber-covered 
cannon balls to reduce wear-and-tear 
on cannon, during the war between 
the states. 


It was an interesting job—but the 
solution to cannon wear was tougher 
cannon rather than softer cannon 


balls. 


We have retained our “‘know-how”’ 
in making insulation, however—and 
since those early days, we have made 
a lot of new developments. We de- 
veloped the first insulated wire for 
Samuel Morse’s telegraph. We pio- 


neered in submarine cable well before 
the turn of the century. We even 
had to develop extruding machinery 
to apply insulation to wire and cable. 


In recent years, Kerite has led in 
the development of self-supporting 
aerial cable, high-voltage x-ray cable 
which no one else could build satis- 
factorily, and in many other fields. 


Kerite insulation—made only by 
Kerite—provides unusually long life 
and low cost per year. Why not ask 
a Kerite engineer to help put it to 
work for you? The Kerite Company, 
30 Church Street, New York 7, N.Y. 

Offices also at: 122 So. Michigan 
Avenue, Chicago; 582 Market Street, 


San Francisco; 714 W. Olympic 
Blvd., Los Angeles. 


Kerite Insulation—Your Cable's Best Life Insurance 


KERITE CABLE 
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Face-to-face low voltage switchgear units 
with six G-50 air circuit breakers, part of 
“LCS" unit substation, Background shows 
5 kv high voltage Vertical-lift metal clad 
switchgear with DZ-60 oil circuit breakers. 


Circuit diagram of Substation 19 A-32. 


14A Please mention ELECTRICAL ENGINEERING when writing to advertisers DECEMBER 1949 


PACIFIC ELECTRIC 


BREAKERS 


69 kv, Type JE-42 


xtva-Fast 


Fault Interruption and Reclosures 


by Motor-Compressed-Spring Stored-Energy Operating Mechanism 


‘aq Current, CeCxch on 
recti- 
sur A ; w battery OF 
Al ae Mechanitt Soa - a closing, eure’ reduces oF eliminates 
v amps e ope siz a\) 7Otw oy Ss : : 
1,000,000 interrupting kva ae BS manual; ideal Y fier expense 
auTOMea 
Type JE-42F chronizing- 
69 kv 1200 amps 
1,500,000 interrupting kva 


° ‘ =S\Low 
Maintain— - 
Inspect and Nia! tions 

+. directed into Eat) ie MES when fault interruph 
High-Velocity Gas walt extinguishes Lee bnormelly frequent: 
the arc oan te Electric Expul- oF 
arc Within 
Fully Conform to me 
AIEE and NEMA 


d 
Shipped Assembled—Tully tested an 
\ 
i the factory: 
i adjusted at 
EN High-Speed Tripping: for opening and 


C. H. CUTTER 
912 Securities Bldg. 


5815 THIRD STREET, SAN FRANCISCO 24, CALIFORNIA 
Seattle |, Wash. 


G.B. KIRKWOOD J.E.REDMOND SUPPLY CO. ORMONDE SMITH, 
437 S. Hill St. 625 W. Madison St. 
Los Angeles 13, Calif. 


3842 Palm Ave. 
Phoenix, Ariz. 
P. O. Box 223 


PACIFIC ELECTRIC MFG. CORPORATION 


P. O. BOX 419, GARY, INDIANA 


90 West St. 
Honolulu, T. H. 


Kansas City 6, Mo. 
New York 6, N.Y. 


306 Commonwealth Annex 
Pittsburgh 22, Pa. 
AMSON & WILMER INC, LEONARD M.SLUSSER 

617 Mutual Bldg. 


Richmond 19, Va. 
Other Representatives in Principal Cities 


JR. MARRS & WENDEGATZ L.CLAIR MITCHELL CO. 
526 Dwight Bldg. 
Houston 4, Texas 
F.W.GORMAN H.R.SLOCUM CO. PIERCE G.FREDERICKS ARKANSAS ELECTRIC CO, WILLI 
P.O. Box 1692 
El Paso, Texas 


316 Louisiana St. 
Little Rock, Ark. 


318 Dooly Block 
Salt Lake City |, Utah 


ASCO 
G-POLE «4 
SHADED POLE 

MOTORS = 


Yoru Yo HP 
1000 RPM 


* Quiet... uniform performance at ALL speeds 
* Speed reductions to 500 RPM. 
* Higher efficiency .. . long life 


* Mounts to meet every need... interchangeable with other motors 


“YOUR COMPARISON TEST... WILL PROVE FASCO BEST” 


WIRIME} today for full 


performance data, dimensions, 
and applications to Fasco Indus- 
tries, Inc., 150 Augusta Street, 


INDUSTRIES, INC. Rochester 2, New York. 


18A Please mention ELECTRICAL ENGINEERING when writing to advertisers DECEMBER 1949 


hese coils are designed 
for operation at 


Conductor: 
Copper wire 


Conductor 


Ground 
insulation: 
Silicone : 
Mica-Glas Tape 


Ground 
insulation: 
: ° 4 ‘ Silicone Mica- 
here standard Class B coils faii with excessive Glas Wrapper 


frequency because of high heat, National’s special Silicone 
Mica-Glas coils will reduce the frequency of failure 
tremendously. They will operate without damage at 356° F., and up 


to 450° F. under certain. conditions. For instance, the life of Class B windings mean de 
of a motor averaged just 50 days over a four-year period; the same motor in Fiberglas Tape 


the same work, equipped with National Silicone Mica-Glas windings, 
has operated for four years without a single failure caused by 


heat. We can supply such windings for any motor or Finish: 
generator, of foreign or domestic manufacture; they can be Varnish | Used 
installed in our shop or yours, by us or you. If heat- Exclusively 


failures cost you money, get in touch with us NOW. 


NATIONAL ELEGTRIG (OIL (OMPANY 


* COLUMBUS 16, OHIO, U. S. A. * 


ELECTRICAL ENGINEERS MANERS OF REDESIGNING AND GEPAIRING OF 
ELECTRICAL COINS AND INSUELATION— ROTATING FLECTHICalL mMacHinis 
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nnounces Iwo New 


Smooth layers of Quinterra Type 6 Electrical Insulation (Twin-ply), 
used in winding a Marcus dry-type transformer 


TYPE 6 (TWIN-PLY) 


i 


A new cost-reducing, high-temperature insulation that prolongs 


transformer life many times through its resistance to pyrolysis 


Here is a radically new asbestos-base, 
continuous-sheet, paper-like electrical 
insulation that offers many economies. It 
is primarily intended for interlayer and 
wrapper insulation in windings and coils 
used in Class A and B transformers 
(internal hot-spot temperatures 130C, or 
higher if special varnishes are employed). 


Quinterra Type 6 is plied at the factory 
by welding two layers of Quinterra and 
calendering them into a dense, strong 
and smooth-surfaced insulation having 
good tensile and bursting strengths. For 
economical application with a minimum 
of waste, Quinterra Type 6 is furnished 
in continuous rolls cut to exact widths. 


Excellent handling properties 


Uniformity of physical and handling proper- 
ties enables assemblers to achieve production 
rates such as are attained with the best types 


of interlayer and wrapper insulations. Fur- 
ther economies result from the large square- 
foot-per-dollar coverage. 


Excellent constructional advantages 


The plied construction of Quinterra Type 6 
offers two distinct constructional advantages: 
(1) It provides better dielectric protection 
than a single layer. (2) Under stress, the 
weaving strains within coil structures are less 
likely to damage a plied insulation than a 
single-layer insulation. 


Excellent dielectric-thermal 
characteristics 


The base sheets of all Quinterra products 
are made 100% inorganic, but, for mechanical 
reasons only, are saturated with an organic 
resin. At room temperature (ASTM condi- 
tions) Quinterra Type 6 averages in excess 
of 350 VPM. After prolonged exposure at 
175C, long after the thermoplastic saturant 
is driven off, it still maintains its original 


dielectric strength and requires only the re- 
establishment of its varnish protection to pro- 
vide a further useful life cycle. 

We will be glad to provide you with sam- 
ples and further information about Quinterra 


Type 6 Electrical Insulation. Write Johns- 
Manville, Box 290, New York 16, N. Y. 


Weights and thicknesses of 
Quinterra Type 6 


Weight Per 
100 sq ft 
+ 15% 


Thickness 
+ 10% 


Approx Coverage 
sq ft Ib 


25 
3.3 
3.8 
4.5 
4.8 
5.5 
6.2 
7.2 
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e For full particulars please write 
Jor new illustrated Bulletin 21-46-EE. 


*REG. U.S. PAT. OFF. 
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RECTIFIER-OPERATED 


. in which a transformer and rectifier replaces 


the usual hand-cranked generator. It operates 
simply by plugging into 115 v. 60 cycles. 
Typical Applications include: 


ie 


Ze 


Production testing of all types of electrical 
equipment and components. 

Testing multi-conductor communication cables, 
as in telephone plants. 

Testing multi-conductor control circuits in 
power plants. 

Acceptance tests, such as from load centers, in 
lighting and power installations. 

Testing multi-conductor control and power 
circuits at central locations in railway signal 
installations. 

Testing generators, cables and other equipment 
by the time-resistance method, where the di- 
electric absorption or leakage current of the 
insulation under test is high enough to bring 
the resistance measurement within the range of 
these models. 


Experimental and laboratory use. 


DUAL-OPERATED 


...acombination of the popular, 
constant-voltage, hand-cranked 
set, and a separate rectifier. It 
can be operated either by hand 
or by the rectifier connected to 
115 vy. 60 cycles. This Dual- 
Operated instrument has the 
same applications as the in- 
strument above, plus the fact 
that the basic, hand-cranked 
instrument is available for test 
problems normally encoun- 
tered in the field. 


JAMES G. BIDDLE CO. 


Electrical & Scientific Instruments 


1316 ARCH STREET, PHILADELPHIA 7, PA. 
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--with this G-E Automatic Oscillograph 
type PM-13 


In one quarter cycle this automatic 
instrument goes into action. It 
provides you with detailed, graph- 
ic records of how your power 
system behaves under all fault 
conditions. This information can 
help you— 


1. Reduce loss of service. Faults 
are more quickly located for 
repair 

2. Save money on special patrol 
expense 

3. Detect minor faults before 
they cause major damage 

4. Determine causes of system 
instability 

5. Supervise relay and breaker 
operation. 


THE PM-13 IS FULLY AUTOMATIC. 
No operator is needed. It starts 
Cin 1/240 second), records entire 
disturbance, and stops after fault 
has been cleared. Operation can be initiated by any device that will break a cir- 
cuit, so it is suitable for use at an unattended station. It will make 100 oscillo- 
grams without attention. 


CLEAR, WELL-SPACED RECORD. A special arrangement prevents crowding 
at the start, and the lamp burns more brightly at that time to assure a clear 
starting record. The trace paper is 414 inches wide. This permits ample separa- 
tion of traces yet avoids the high cost of wider paper. 

DEPENDABLE OPERATION. This oscillograph operates from its own power 
source (automatically kept at full voltage). During the standby period the only 
part energized is the light source—no moving parts to wear out or require at- 
tention. No special skills are required to care for it. 


MORE ADVANTAGES— Built-in alarm contacts, adjustable recording time 
(two to twenty seconds), and time-stamp identification (date, hour, and 
minute of record) are just some of the other reasons why you'll appreciate 
every PM-13 in your system. You can order now from your nearest G-E 
representative. Or, if you want more information, write for Bulletin 
GEC-396. Apparatus Dept., General Electric Company, Schenectady 5, N. Y. 
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ENGINEERING 


as a 


CAREER 


A MESSAGE TO YOUNG 
MEN, TEACHERS AND 
PARENTS 


This pamphlet has been prepared 
as an educational guide, in order 
to give something of an introduc- 
tory insight into the profession of 
engineering. It is dedicated to the 
coming generation of engineers 
and to the constructive contribu- 
tions which they will make to the 
life and culture of mankind. Con- 
tents of the booklet have been 
divided into three main parts: The 
Scope of Engineering; Principal 
Branches of Engineering; and Ref- 
erences to Vocational Guidance 
Literature. 


PRICE $0.15 
($10.00 per 100) 


ORDER NOW 
USING THE COUPON BELOW 


Engineers’ Council for 
Professional Development 
29 West 39th Street 
New York 18, N. Y. 


Please forward a copy of “Engineering as 
a Career.”” Payment is enclosed. 
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Operating board of a 4-unit station. Normally all 4 are on base 
load during day; two units usually regulate frequency as the 
evening peaks develop. As peaks fall, units go to reduced base 
load and another station takes over regulation. In morning, 


Its Our Turn 
on Base Load, 


regulation comes back in approximate reverse. Station often 
handles emergency regulation during day; system operator, 100 
miles away, uses its individual units as he wishes to increase 
system efficiency. 


MULTI-UNIT LOAD-FREQUENCY CONTROL IS CUTTING KW COST 


Economy-minded managers in several power com- 
panies are now digging into the newer efficiency angles 
of load-frequency regulation. 
lation, which maintains minute-by-minute balance 
between generation and consumer load, these engineers 
suspect there lie untapped opportunities for further 
savings. 


In routine system regu- 


Basically, of course, the regulating problem is to 
allocate load-frequency control for maximum system 
(as distinguished from station) efficiency. And the 
allocation naturally varies with the load; at one load 
level Units A and B may be best; at another level it 
may be Units E and G, and L, in stations miles apart. 


These flexible conditions mean that an electric com- 
pany should be able to pick and choose, not only among 
stations, but among the generating units in the sta- 
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tions. Operators should be free to put the load- 
frequency regulation wherever the existing load, con- 
sidered in respect to the unit efficiencies, can be carried 
at the best system efficiency. 


Planned Regulation Costs Less Than Haphazard 


To attain this efficiency, it’s usually advisable to em- 
ploy automatic regulation. If a company already 
uses L&N equipment for other load-frequency prob- 
lems, it probably will need only a little more to equip 
each Unit with its own controller. Then complex 
regulating schedules do not matter. The operators 
can set a few dials and switches, and assure highest 
feasible efficiency. 


For further information, ask for a copy of Technical 
Publication N-56-161(1). Leeds & Northrup Co., 
4962 Stenton Ave., Philadelphia 44, Pa. 


MEASURING INSTRUMENTS + TELEMETERS » AUTOMATIC CONTROLS +» HEAT-TREATING FURNACES 


LEEDS &'NORTE Rw Coe: 


Jri Ad ND56-461(1) 
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Preformed? VES! 
Bethanized? VES/ 


In recent months a good many users of strand have 
decided that Bethlehem’s Form-Set will do a better job 
for them. Maybe you've reached that decision yourself. 
You've investigated Form-Set and learned that its pre- 
formed construction makes it easier to handle. . . easier 
to insert in fittings . . . because, when cut, Form-Set 
doesn’t unravel or “‘bush out’’ at the ends. But possibly 
you haven't thought to ask whether it’s available with a 
bethanized coating. 

The answer is yes! In fact, bethanizing is standard on 
all types, grades, and sizes of Bethlehem strand, both 
preformed and non-preformed. 

The bethanized coating is a smooth, uniform jacket of 
highly-pure zinc—a coating so ductile that it will bend 
without cracking. The coating is available in three dif- 
ferent weights—A, B, and C—making it possible to 
protect against atmospheric corrosion in any given area. 

Form-Set strand, with the guardian bethanized ‘‘armor,”’ 
well warrants your investigation. We know that it will not 
disappoint you. However, if there are still some angles 
you'd like to discuss, a Bethlehem man will be glad to 
give you further information. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation 
Export Distributor: Bethlehem Steel Export Corporation 
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GENERAL ELECTRIC ANNOUNCES 


TYPE IHE 
WATTHOUR 
THERMAL y 


KVA 
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DEMAND ~ | 
You can now measure single-phase kva demand easily LO 


economically with this new G-E meter, 


A NOVEL APPLICATION of the “‘direct-heat’’ current-energized 
thermal element has made this possible. A resistor (controlled ther- 


METER 


mally by voltage) has been inserted in series with the negative torque 
spiral of the thermal element. Torque of the element, therefore, varies 
directly with line voltage as well as current. Since the torque of the 
thermal element is caused by the current and by the heating effect 
of the line voltage, operation of the meter is independent of phase 
relation (power factor). Thus it gives a true measure of kva. 


OTHER DESIRABLE FEATURES of the IHE include a wide-limit 


watthour meter element. It is equally accurate at high and low loads. 
It has braking magnets die-cast in the frame for calibration stability. 


And, it has a relief gap that provides a controlled breakdown point. 


This conventional bi-metallic thermal 


element is coupled in a unique way Load curves, response times, thermal ratings, and other details 
with a “resistance valve’’ to give a are available in Bulletin GEC-504. Your nearest G-E representative 
true measure of kva. See explanation > : , 

in text at right. will be glad to give you a copy. Or you can write to Apparatus 


Department, General Electric Company, Schenectady 5, N. Y. 


GENERAL ELECTRIC 


601-45 
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MANUFACTURERS OF 
Standard Signal Generators 
Pulse Generators 
FM Signal Generators 
Square Wave Generators 
Vacuum Tube Voitmeters 
UHF Radio Noise & Field 
Strength Meters 

Capacity Bridges 
Megohm Meters 
i phase Sequence Indicators 


and FM Test 
Televisiuipment 


at higher carrier frequencies, 


HEADQUARTERS FOR 


2 to 400 MEGACYCLES 


MODULATION: Amplitude modulation is conrtin- 
uously variable from O to 30%, indicated by a 
meter on the panel. An internal 400 or 1000 
cycle audio oscillator is provided. Modulation 
may also be applied from an external source. 
Pulse modulation may be applied to the oscillator 
from an external source through a special con- 
nector, Pulses of 1 microsecond can be obtained 


MEASUREMENTS CORPORATION mover 80. 


STANDARD SIGNAL GENERATOR 


FREQUENCY 
ACCURACY + .5% 


OUTPUT VOLTAGE 
0.1 to 100,000 
microvolts 


OUTPUT 
IMPEDANCE 
50 ohms 


MEASUREMENTS CORPORATION 


BOONTON 


NEW JERSEY 


a 


TH 


AUTOMATIC EE 


TRANSFER 
SWITCHES... 


We can take care of almost any Automatic Transfer 
Switch requirement ranging from 5 to 1000 amperes. 
For example, Bulletin 906-105S, as illustrated, is a 
300 ampere unit installed in a specially narrow 
panel for a distribution control center. 


Standard features on control panels can include 
phase failure protection, indicating auxiliary con- 
tacts, engine starting contacts and push buttons for 
engine tests, reset to normal and load transfer. 
Special features include delayed operation, manual 
emergency handles, low frequency relay protection. 
Condensed Catalog No. 700 gives a comprehensive 
picture of our work along the line of Automatic 


Transfer Switches and complete Electromagnetic 
Control Panels. 


If you require any type of automatic control, write 
us Our 60 odd years of broad experience in the 
field of Electromagnetic Controls should be helpful. 


Automatic Transfer Switches 
— Remote Control Switches 


Contactors Relays 
Specialized Electromagnetic Controls 


We also manufacture a complete line of Solenoid Operated Valves for 
Automatic and Remote Control of Liquids and Gases. 


Automatic 


385-E LAKESIDE AVENUE 


Switch Co. 


* ORANGE, NEW JERSEY 
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INDUSTRIAL 
APPLICATION 
of 
ELECTRON TUBES 


Papers and discussions pre- 
sented at the AIEE Confer- 
ence on Industrial Applica- 
tion of Electron Tubes, Buffalo, 
N.Y., April 1949. Sponsored 
by the AIEE Subcommittee on 
Electron Tubes of the Elec- 
tronic Committee and the 
Subcommittee on Electronic 
Control of the Industrial Con- 
trol Committee, jointly with 
the AJEE Niagara Frontier 
Section. 

Price: $3.50. 


and 


AUTOMATIC 
CONTOURING 
CONTROL 
of 
MACHINE TOOLS 


Papers presented at the 
AIEE Conference on Auto- 
matic Contouring for Machine 
Tools held during the AIEE 
Midwest General Meeting, 
Milwaukee, Wis., October 
1948. Sponsored by the 
Machine Tool Subcommittee 
of the AIEE General Industry 
Applications Committee. The 
papers cover mechanical, 
electric, and hydraulic con- 
touring devices, and com- 
binations of these types, as 
applied to machine tools. 
Price: $4.00 ($2.50 to AIEE 
members). 


Orders for these publica- 
tions should be sent to: 


AIEE ORDER 
DEPARTMENT 
33 West 39th Street 
New York 18, N. Y. 
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FIRST AID 
FOR A LOT OF 
CONTACT TROUBLES 


Having trouble getting contacts for long 
life and low contact resistance on contin- 
ued operations where heavy arcs exist, or 
under closed conditions? Then Stackpole 
Silver-Tungsten Contacts are probably 
the answer to your problem—whether it 
applies to a circuit breaker, motor con- 
troller, transformer protective device, 
aviation relay, contactor or similar equip- 
ment that requires an extremely durable 
contact. 


TYPICAL STACKPOLE SILVER TUNGSTEN GRADES 


Electrical] Contact 

Resistance 

Estimated 

Density} Ag = 100} Ag = 100 

FW56] 70 57,000 | 15175 12.0 75 120 
FW49] 50 82,000 | 30756 13.2 
FW41] 35 108,000 30772 14.6 
FW34} 32 {110,000 30770 14.7 


Compoj Breaking] Hardness 
sition] Strength] Rockwell 


Te 
Silver} Sq. in. 


Only a few standard types are available. 
Best results are obtained by laboratory 
testing of contact mixes containing dif- 
ferent percentages of silver and graph- 
ite. These tests are made on the actual 
device under operating conditions—a 
service Stackpole gladly renders to 
makers of original electrical equipment. 
Write for details. 
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quantity users. 


PUMP SHAFT 
MECHANICAL 
SEALS 


Pump or com- 
pressor seals 
molded from 
suitable mixtures 
of carbon, graph- 
ite or carbon- 
graphite offer distinct advantages, for 
many applications. In contrast to the 
ordinary ‘“‘packing type”’ seal, these 
molded Stackpole mechanical units seal 
the shaft tightly and without any wearing 
surface bearing on it. This prolongs shaft 
life while assuring greater operating effi- 
ciency. In addition, Stackpole molded 
seals are unexcelled for difficult applica- 
tions where a tight seal must be main- 
tained under high pressure conditions. 

Mechanical seals can be molded to 
close tolerances and toa variety of shapes. 
As amply proved by Stackpole’s broad 
experience, they are ideal for many dif- 
ferent shaft sealing applications. Write, 
giving details of your application for 
specific recommendation. 


Write for this CARBON SPECIALTY 
ENGINEERING DATA BOOK 


More than a catalog, Stackpole Booklet 40 contains a 
wealth of data to help you evaluate the electrical, me- 
chanical or chemical advantages of carbon, graphite or 
carbon-graphite on a long list of applications. Write for 
copy today on your company stationery. 


STACKPOLE CARBON COMPANY - ST. MARYS, PA. 


yew! INEXPENSIVE 5 AMPERE 
SNAP SWITCHES 


These sturdy little switches meet the need for units 
having sufficient current-carrying capacity for electrical 
toys, appliances and similar equipment. SS-26 is single- 
pole, single-throw and SS-26-1 is single-pole, double- 
throw. Both are rated at 3 amperes at 125 V. AC or 1 
ampere at 125 V. DC. Both are Underwriters approved. 
Designed and constructed for long, dependable service, 
they are available at low cost. Samples on request to 


WELDING OR BRAZING 
CARBON ELECTRODES 


that last S to F 


times as long 


UNTREATED STACKPOLE “F” 
after 500 brazing TREATED 

operations after 1300 similar 
Operations 


Here’s where you can make a substantial 
saving, reduce machine “outage” time 
while tips are being dressed or changed, 
increase welding and brazing efficiency. 

Stackpole’s famous “F” treatment 
(which minimizes oxidation) produces 
tips that operate at temperatures above 
red heat, require dressing less than one- 
third as often, and last from 3 to 4 times 
longer than ordinary, untreated tips. On 
a typical high-temperature job where 
conventional carbons were changed 
hourly, Stackpole “F’’ treated carbons 
lasted all day and required dressing only 
about one-third as often. Write for sam- 
ples, stating size and shape. Mention 
company connection. 
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DISTRIBUT 


*CORES MADE OF HIGH PERMEABILITY, ORIENTED, SILICON STEEL 


Bs 


oe | 


Dotted line in illustration at left, 
indicate position of core in assem- 
bled core-and-coil unit. After cores 
are wound, they are annealed, 
impregnated and then cut into 
pairs of U-shaped pieces. Two 
large U-shaped pieces are placed 
side by side, forming an inner and 
two outer core legs. Then the wind- 
ings are placed over the inner 
core leg. Next, the two matching 
U-shaped pieces are placed into 
position to complete the magnetic 
circuits. A thermo-setting adhesive 
bonds the core faces together. 


BETTER VOLTAGE 
REGULATION AT ALL LOADS 


Development of the new Moloney Hiper- 
Core Transformer has made possiblea 
reduction in transformer impedance, result- 
ing in better voltage regulation. These 
wound core transformers, being smaller 
physically, have inherently lower imped- 
ance than transformers of conventional 
core design. 


Better voJtage regulation means better all- 
around system performance. Secondary volt- 
age fluctuations, due to sudden or inter- 
mittent load changes, are reduced. Second- 
ary voltages may be maintained at a higher 
level resulting in improved performance of 
the connected load. 


In many installations emergency loading is 
controlled largely by transformer voltage 
regulation. Moloney HiperCore Distribu- 
tion Transformers, having better regula- 
tion, can carry higher overloads with the 
same permissible voltage drop. 


MOLokmE WwW 


STASTSE-S 


OFFICES 


IN ALL 


PRINCIPAL 


CITIES e FACTORIES 
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Moloney HiperCore Transformers have im- 
proved short-time overload characteristics 
which provide better peak load performance 
and longer life. Reduced coil mass, achieved 
through use of oriented steel cores, together 
with the extensive use of cooling ducts, results 
in more rapid cooling of the windings and in 
a lower hottest-spot temperature gradient. 


fhe 30% to 35% higher flux carrying capac- 
ity of the oriented core steel used in HiperCore 
Transformers makes possible the use of smaller 
cores and windings, with consequent reduc- 
tions in the weights of steel, copper, oil, 
and other materials. HiperCore Transformers 

reigh 15% to 30% less than transformers 
having cores made of hot rolled steel, making 
them easier to handle and install. 


ELECTRIC 


SAINT LOUIS 20, MISSOURI 


AND 


Since the higher flux carrying capacity of 
oriented steel permits the use of smaller cores 
and windings, smaller tanks can be used. 
Reductions in size range up to 30%. Hiper- 
Core Transformers take up less space on the 
pole, in the storeroom, and on the line truck. 


The ‘snap action” movement of the tap 
changer used on Moloney HiperCore Trans- 
formers assures positive pressure at all times. 
The handle is above the hot oil level and the 
dial can be read from the handhole opening. 
The body of the tap changer is made of 
high-impact-strength phenolic resin for high 
insulation and elimination of breakage. Use 
of high contact pressure and oversize contact 
surfaces insures low temperature rise and 
eliminates pitting or burning. 


COMPANY 


TORONTO, ONTARIO, CANADA 
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High resistance to arcing and excessive 
voltages as well as ability to withstand severe 
physical and thermal shock play a large part 
in the efficiency of Universal Porcelain In- 
sulators. They do not carbonize nor corrode 
under long years of service. They are un- 
affected by cold, moisture, fumes, most acids 
and are heat resistant. Whether your re- 
quirements are simple or complex, whether 
they involve intricate designs or routine pro- 
duction, you will find Universal engineers 
and craftsmen glad to assist in developing 
efficient insulators to meet your specifications. 


te UNIVERSAL 


ETRE 6 Se 


CLAY PRODUCTS CO. 
SANDUSKY, OHIO 


Designed for use in 
regulating the voltage 
of A.C. generators in 
Stationary, Mobile or 
Marine installations. 


Direct rheostatic 
action provides a sim- 
ple, effective and auto- 
matic means of regu- 
lating voltage by per- * DIRECT ACTING 
forming the function * FAST RESPONSE 

of an automatic field 

rheostat. * AUTOMATIC CONTROL 


* SMALL, COMPACT, 
SELF CONTAINED 


FEATURES 


Rating of rheostatic 


element is 2 amperes * RUGGED CONSTRUCTION 
maximum exciter 


shunt field current at * RHEOSTATIC ACTION 


full load and power * INEXPENSIVE 
factor. Maximum 
sigma watts is 50 
watts. 


BURLINGTON INSTRUMENT COMPANY 
DEPT. L-129 
BURLINGTON, IOWA 


Write for Bulletin 
WA. 
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The QUICKEST way 
to supply 115V from a 
230V Wiring System 


Connect an Acme Electric 
Air Cooled transformer to 
the 230 volt power line 
to obtain a 115 volt cir- 
cuit at the exact spot you 
need it. Acme Air Cooled 
transformers are built in 
sizes from 1/10th KVA to 
50 KVA, single phase, all 
standard primary voltages 
up to 600 volts. All steel 
construction provides more capacity per pound, high efficiency, 


better performance. Write for Bulletin. 


ACME ELECTRIC CORPORATION 


2212 WATER STREET CUBA, N. Y. 


<a Ea 


T A. AON SF 


o ARM 


Street 
City & State Mention 


O If a student Member please check here and 
omit the following 


To assure a correct entry in the YEAR BOOK 
please also furnish: 


Company Name 
Company Address 
Department 


Title “a If one has 
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POWER AND PRECISION RESISTORS 


The only complete line of hermetically sealed wire wound resistors on the 
market today, Sprague Ferrule Terminal Koolohms offer types, sizes, and 
resistance values for every power or precision resistor need. Operating 
voltages range from milli-vyolts to kilovolts; resistance values from 0.5 
ohms to 1,000 megohms. Fully protected by Sprague glass-to-metal seals, 
these ferrule terminal Koolohms will withstand the most severe salt water 
immersion and temperature shock tests. These standard Sprague resistor 
types meet all applicable JAN Specifications. Similar types with even higher 
power ratings are available for commercial applications where severe 
thermal shock is not a factor. For complete description and rating data, 
write for Catalog No. 100E. 


SPRAGUE ELECTRIC COMPANY « North Adams, Mass. 


Hermetically Sealed 


FULLY APPROVED FOR JAN USES 
ooo NEW COMMERCIAL TYPES 


WOUND WITH 
CERAMIC INSULATED 
WIRE 


VUVTTTTTY 
jAddddddAAI 


KOOLOHM layer winding 
turns cannot “swim' or 
short, Insulation has a di- 
electric strength of 350 
volts per mil. at 400°C, 


KOOLOHM interleaved 
winding—Resistors are 
available having negligible 
inductance, even at VHF, 


Section of KOOLOHM wire 
with ceramic insulation re- 
moved to show contrast 
between bare and _ insu- 
lated wire. This flexible, 
heat-proof insulation is 
actually applied to the 
wire at a temperature of 
1000°C. 
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you can put a Bruning Whiteprinter anywhere! 


~[ BRUNING WHITEPRINTER 
" VOLUMATIC MODEL 93 


Other Bruning Products 
you should know: 
Drafting Machines 
Sensitized Papers 
and Cloth 

Tracing Papers 
Erasing Machines 


The modern design of a Bruning Whiteprinter 
makes it a self-contained unit. All it needs is an 
electric connection. ..and you are ready to 
produce sharp, crisp, black-on-white prints from 
your tracings .. . or anything typed, printed, or 
written or drawn in pencil or ink. Bruning White- 
printers operate quietly. They require no plumbing 
connections and no ventilation ducts. Therefore 
they can be placed almost anywhere in your plant 
or office . . . at great saving on installation costs. 

Add to this the savings of time and convenience 
—and the fast, uniform production of Bruning 
Whiteprinters. Then you can see why more and 
more firms are turning to BW, for better prints 
at lower costs. 

There is a Bruning Whiteprinter model for every 
volume of work. 


——— 


/ Send today for literature describing how 
you, too, can profit by using BW Copies. See 
for yourself why the BW System is the answer 
~ to your own copying needs. No obligation. 


PROFESSIONAL 
GUIDE 


for 
JUNIOR 
ENGINEERS 


THIS 56-PAGE PUBLICATION, IS- 
SUED BY THE ENGINEERS’ COUN- 
CIL FOR PROFESSIONAL DEVELOP- 
MENT, WAS WRITTEN BY THE 
LATE DR. WILLIAM E. WICKEN- 
DEN, AND EDITED BY G. ROSS 
HENNINGER. 


The book seeks to give the young engi- 
neering graduate a sense of professional 
values in chapters on engineering ori- 
gins and professional relationships. 
Full treatment is given to the practical 
side of getting an engineering job and of 
advancing in the profession. Also in- 
cluded is the Council’s credo ‘Faith of 
the Engineer,’’ a self-appraisal ques- 
tionnaire, and the Canon of Ethics for 
Engineers. 


PRICE $1.00 


(25 PER CENT DISCOUNT AL- 
LOWED ON 10 OR MORE COPIES) 


SEND AT ONCE 
USING THE COUPON 


Engineers’ Council for 
Professional Development 
29 West 39th Street 
New York 18, N. Y. 


Drafting Room Furniture 
Drafting Equipment 

and Supplies 

Surveying Instruments 
many others 


Please forward a copy of “‘A Professional 
Guide for Junior Engineers.” Payment 
is enclosed. 


Charles Bruning Company, Inc. 
4714-52 WEST MONTROSE AVENUE, CHICAGO 41, ILL. 


NEW YORK NEWARK BOSTON PITTSBURGH CHICAGO DETROIT CLEVELAND ST. LOUIS MILWAUKEE 
KANSAS CITY, MO. HOUSTON LOS ANGELES SAN FRANCISCO SEATTLE 
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COAXIAL CABLE 


moisture-seal wrap of 
“Teflon” tape sealed with 


silicone —————» 


copper braid shield ——» 


silvered copper 
braid shield ——> 


“Teflon” tape insulation , 
sealed with = _ 
silicone ——> 


conductor —» 


glass braid ————_»> 


HIGH-VOLTAGE 


@1:3 3 


<— glass braid 


~<— “Teflon” tape 
insulation sealed 
my / with silicone 


iy, 
ye conductor 


HIGH-TEMPERATURE 
HOOK-UP WIRE 


| <— glass braid 


_|<— “Teflon” tape 
| insulation sealed 
with silicone 


iv 
{ 
WH 


}//, <— conductor 
Wh 


A 


“TEFLON” TAPE INSULATION 
SERVES FROM -80° TO 500°F. 


No other available 
material has the com- 
bination of low elec- 
trical losses and heat- 
resistance of 
Du Pont ‘Teflon’ 
tetrafluroethylene 
resin. 

“Teflon” tape is seeing wider and 
wider use in such applications as insu- 
lation for wire and cable, ground insu- 
lation for motors and generators, con- 
ductor and layer insulation in trans- 
formers and coils. Its power factor is 
less than 0.0005 and its dielectric con- 
stant only 2.0 over the entire spectrum 
measured to date, 60 cycles to 30,000 
megacycles. Its dielectric strength is 
excellent and is unaffected by tempera- 
ture changes up to at least 400°F. The 
tape gives service up to 500°F.““Teflon”’ 
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tape has excellent mechanical strength 
and pliability . . . at temperatures as 
low as —80°F. In wrapped construc- 
tion it fits even more tightly as the 
temperature is raised. It has zero water- 
absorption, and is unaffected by out- 
door weathering. 

“Teflon” is supplied by Du Pont in 
the standard shapes of rods, tubes, 
sheets, beading, and tape, and in mold- 
ing powder, both shredded and granu- 
lar. WRITE NOW for more data on 
the properties and electrical uses of 
“Teflon’’! 

E. I. du Pont de Nemours & Co. 
(Inc.), Plastics Department, Main 
Sales Offices: 350 Fifth Avenue, New 
York 1, New York; 7 South Dearborn 
Street, Chicago 3, Illinois; 840 East 
60th Street, Los Angeles 1, California. 


*TRADEMARK REG. U,S. PAT. OFF, 


(Wire and cables shown above made with “Teflon” Tape by 


Boston Insulated Wire & Cable Co., Boston, Mass.) 


Tune in to Du Pont “CAVALCADE OF AMERICA,” 
Tuesday nights—NBC coast to coast. 


REG. U.S. PAT.OFF. 


Plastics 


BETTER THINGS FOR BETTER LIVING 
.. +. THROUGH CHEMISTRY 
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NEWPORT NEWS 
MECHANICAL RACK RAKE... 


Newrorr NEWS Mechanical Rack Rake 
is a power operated rake for cleaning trash racks at water 
intakes for hydro-electric plants, steam plants, pumping sta- 
tions, canals and similar installations. It cleans the rack bars 
of trash such as leaves, grass, sticks, bark and logs, and re- 


duces a former major hand operation to one of minor peri- 


odic power activity. With Newport News mechanical rack 
rake installations, one man per shift can, under ordinary W/ dren eet Rocklad Stine 
conditions, keep the racks clean for a dozen bays. are invited fo write 


for illustrated booklet. 


NEWPORT NEWS SHIPBUILDING AND DRY DOCK COMPANY 


NEWPORT NEWS, VIRGINIA 
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NOW! Save Space.. 


Increase 
Contact Life 


Fe THE FIRST TIME a High Voltage Air Contactor with double break 
contacts and direct vertical action is now available! This design elim- 
inates turning shafts, shaft bearings and flexible contact leads . . . cuts 
maintenance. 

Contact life is increased! Movable contacts are self-aligning. Contact 
inserts of arc resistant alloy assure clean, long wearing contact surfaces, 

Measuring only 15x 25x38 inches, the Type 256 Air Contactor 
combines three methods of arc extinction to permit its compact design. 
1. Double break contacts cut arc voltage in half. 2. Dual continuous duty 
blowout coils snuff out low current arcs, speed the upward movement of 
higher current arcs. 3. Special arc chutes stretch arcs both horizontally 
and vertically. 

Built for general alternating current motor starting applications, it has 
a simple, rugged design which makes it especially adaptable to heavy duty 
applications requiring frequent starting, inching, reversing, plugging, or 
dynamic braking. 

The Type 256 Contactor is available in ratings of 200 and 400 amperes 
at 2500 volts, 200 amperes at 5000 volts. 

The Allis-Chalmers line of High Voltage Starters has been expanded to 
include the Type 256 Contactor. Utilize the advantages of this completely 
tested unit. Call your nearby A-C Sales Office or send coupon today, 


SEND FOR MORE INFORMATION 
ASPECIAL ARC CHUTES 
B DUAL BLOWOUT STRUCTURE 
C DOUBLE BREAK CONTACTS 
DVERTICAL ACTION MAGNET 


ALLIS-CHALMERS, 931A SO. 70 ST. 
MILWAUKEE, WIS. 


Gentlemen: 


Please send advance information on the New Type 
256 High Voltage Air Contactor. 


Allis-Chalmers High Voltage Starter Name 
equipped with Type 256 Air Contactor, 


‘ 

t 

. Company 

: Address 

| 

- City State 

r] A-2843 

BSS SS SST SS SSS aanaean eee 
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SPEC IAL PORCELAIN ? 


Put it up to Pinco! 


* If it’s a design problem, we may have research and 
experimental data which will speed its solution. In 
any case we can supply expert specialized engineering 
help, and laboratory facilities for experimentation 
and testing. 

¢ If it’s a production problem, Pinco’s modern plant 
is geared to turn out, speedily and economically, un- 
usual sizes and shapes in Pinco Porcelain . . . unex- 
celled for electrical and mechanical strength. 


* Inquiries welcomed. Write 


/ he Porcelain Insulator 
Corporation 
763 MAIN STREET « LIMA, N.Y. 


ENGINEERS... 


GIBSILOY engineers are qualified 
to solve every type of electrical 
contact problem—from contacts for 
delicate relays to those for heavy 
circuit breakers. The complete line 
of Gibsiloy contact materials per- 
mits them to select the one exactly 
suited to a given application. 

Gibsiloy service also includes the 
design and manufacture of com- 
plete contact assemblies. 


Write today for our Contact Recommen- 


dations data sheet. 
Gibsiloy Gigson Evecrric Cup 


8346 Frankstown Ave., Pittsburgh 21, Pa. 
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MICROHM METERS—for low resistance measure- 
ments on circuit breaker contacts, cable joints, bus 
bars, limiters, windings, material tests, etc. 
eae eS ee 
ELECTRONIC INSULATION RESISTANCE TEST- 
ERS—for dielectric absorption testing of generators, 
transformers, power equipment. 

Write for complete details. 


J. W. DICE COMPANY ENGLEWOOD, N. J. 


BE SURE TO GET 
YOUR 
80-PAGE 
MANUAL 


The most complete manual on electrical connectors and acces- 
sories. Color photographs, charts, data, technical engineering 
and other valuable information. 


WRITE ON YOUR LETTERHEAD TODAY FOR COPY 


ILSCO COPPER TUBE & PRODUCTS, Inc. 


Cincinnati 27, Ohio 


INTERIOR WIRING DESIGN 


for 


COMMERCIAL BUILDINGS 


This publication will bring to the attention of electrical 
engineers designing interior systems for commercial 
buildings the important features involved in the design, 
which, if overlooked or improperly treated, may result 
in unnecessary limitations and inconveniences, as well 
as unsatisfactory performance of the illuminating and 
utilization equipment and of the communication and 
signaling facilities. 


The report covers the basic features of electrical wir- 
ing applicable to all types of commercial buildings. 
It will serve as a guide to the young engineer when 
first he undertakes work of this character to help him 
avoid serious omissions and mistakes. This is not an 
AIEE Standard, and the recommendations are not in- 
tended to be mandatory or restrictive. 


Prepared by the AIEE Subcommittee on Interior Wir- 
ing Design for Commercial Buildings of the Committee 
on Industrial Power Systems. 


PRICE: $0.80 ($0.40 to AIEE members.) 
Send ordersto: AIEE ORDER DEPARTMENT 


33 West 39th Street New York 18, N. Y. 
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le MATCH power supply with public demand more quickly and 
economically, the single circuit unit substation fills an urgent modern 
need. This self-contained unit is easily moved between locations as the 
situation demands. While small in comparison with large central stations, 
these isolated installations demand even more attention to small details 
leading to maximum trouble-free operation, since they function with a 
minimum of human supervision--hence, the presence of O-B bushings 
on this Allis-Chalmers unit sub. Among its characteristics, pointed out 
by A-C, are...“‘Rating, 1500 kva. Voltage, 33,000-4160. Allis-Chalmers 
Oil-Sealed Inert Gas system for protecting oil, and 32-5¢ percent step 
regulator mechanism. All components arranged for easy access for in- 
spection and maintenance; consisting of a three-phase transformer, com- 


au 


plete switchgear, tap changer, and necessary controls, plus... 


BUSHINGS 


ONE OF THE FINEST COMPONENTS 
OF ANY TRANSFORMER 


2991-H 


MANSFIELD, OHIO 
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How to make a Magnetic C 


that’s really small? 


Write for 


BLUE SHEETS 


on Allegheny Ludlum 
Electrical Materials 


Complete, laboratory- 
certified data on each 


grade—its physical prop- 
erties, electrical: charac- 
teristics, uses, methods 
of handling, etc.* Write 
for Blue Sheets on the 
materials in which you 
are interested. 


ADDRESS DEPT. E-82 
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se PERMEN OUR! 


When the conditions of service make 
it imperative for you to hold the size 
and weight of magnetic cores at an 
absolute minimum, that’s the place to 
use Permendur. With this material 
you can push the flux density up to 
20 kilogausses, and practically elimi- 
nate weight as a consideration. 
Along with its suitability for cores 


‘wherever the premium is laid on 


compactness, Permendur is just the 
thing for sonar magnetostriction 
applications, too. We maintain 
proper annealing facilities for this 
alloy. Write for technical data on it, 
and let our engineers help you to 
cash in on its possibilities. 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


LLEGHENY 


STEEL CORPORATION 
Pittsburgh, Pa. 


ELECTRICAL 
INDUSTRY wi secs 
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Yes, CURING-IN-LEAD is a big reason why 
TIREX Portable Cords and Cables stand up longer 
wherever rough usage is the order of the day. 


CURING-IN-LEAD adds extra toughness to 
an already tough Selenium Neoprene jacket so that 
crushing and twisting, dragging over rough sur- 
faces, pulling around sharp bends, and continual 
reeling and unreeling all find it well-nigh impos- 
sible to mar the efficient performance of TIREX 
Cords and Cables. And Selenium Neoprene Armor, 
in addition, provides stout resistance to oils, 
grease, chemicals, heat, flame, sunlight and weather 
hazards. 


Doesn’t this complete protection suggest longer 
cord and cable life to you? ... That’s just what it 
means, and it is your assurance of low-cost trouble- 
free operation of all portable equipment from hand 
tools to heavy machinery. 


For a complete: description of the CURED-IN- 
LEAD Process, and of other “plus” values that 
TIREX products feature, write us today for 
Folder 993. 


SIMPLEX-TIREX 


SIMPLEX WIRE & CABLE CO, 
79 Sidney Street 
Cambridge 39, Mass. 
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Are you hiding your 

Professional Talents 
under the 
proverbial 


bushel basket? 


BILLIONS will be spent in the next few years to gear industry for the 
big job ahead of putting this World on its feet again— 


It would be almost impossible to accomplish this great task without 


THE ELECTRICAL ENGINEER 


Are you hiding your talents under that proverbial bushel basket? Or 
are you ready to step out with the leading men of your profession and 
let the World know what you can do? 


USE THE PROFESSIONAL ENGINEERING DIRECTORY 


The 


Professional 
Engineering 
Directory 


Will carry your message direct 

to more than 50,000 readers, 
engineers, and key men in the 
industrial world. 


Send in Your order today for a 
professional engineering directory card 


1"x2"  6Times $60.00 12 Times $90.00 


USE COUPON ; ; } 
————— Electrical Engineering 
500 5th Ave. New York 18, N. Y. 


Gentlemen: Please insert my card beginning with your next issue 


O sixtimes— OO twelve times — in your Professional Engineering 


Directory of ELECTRICAL ENGINEERING at your rates as advertised. 
Copy attached. 


MEMBER [] YES CL] NO 
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From start... to finish... 


As 


AT KAISER ALUMINUM’S Newark, Ohio plant, the pro- 
duction of high quality Kaiser Aluminum conductor starts 
in the remelt department. Here high purity pig from its own 


we 


ROD IS DRAWN into wire on the most modern equipment 
in the electrical conductor industry. High speed cable strand- 
ers, manned by skilled personnel, produce the finished con- 


reduction plants is remelted and cast into 99.5% purity in- 
gots 6” square and 12’ long. These pass through a series of 
automatic break-down and finishing mills to become rod 
ready for wire drawing. 


ductor, which has been tested at every step by modern 
methods and equipment. Result of this completely inte- 
grated production control is pictured below—aluminum 
conductor of unsurpassed quality! 


Controlled for quality! 


As important as the high quality of Kaiser Alumi- 
num Conductor is the consistently dependable 
deliveries assured by Kaiser Aluminum’s centrally 
located Newark, Ohio plant. 


Early delivery schedules of all sizes of ACSR 


and all-aluminum conductor are now open. For 
immediate information, contact any sales office 
listed below. 


Produced by Kaiser Aluminum & Chemical 
Corporation. 


Umi nun 


CONDUCTOR 


SOLD BY KAISER ALUMINUM & CHEMICAL SALES, INC., KAISER BUILDING, OAKLAND 12, CALIF. ... OFFICES IN: 
Atlanta * Boston * Chicago * Cincinnati * Cleveland + Dallas * Denver * Detroit * Houston * Indianapolis * Kansas City * Los Angeles 
Milwaukee * Minneapolis * New York * Oakland + Philadelphia + Portland, Ore. * Rochester, N. Y. + Seattle * Spokane * St. Louis 
Wichita ¢ Also available through General Electric Supply Corporation, Westinghouse Electric Supply Co., and Line Material Co. 
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OHMITE rain resistors 


- SINGLE-UNIT BRACKE 
FIXED ~~ 


NGLE-UNIT BRACKET 
ADJUSTABLE TYPE 


/ITREOUS-ENAMEL 

COVERING 
Vinding is rigidly 
eld in place and 
rotected from 
amage by Ohmite 
pecial vitreous 
namel. 


EVEN, UNIFORM 
WINDING 


Hot spots” and re- 
ultant failures are 
revented bythe 
sistance winding’s 
nsurpassed uni- 
rmity. 


TRONG, CERAMIC 
CORE 


naffected by cold, 
eat, fumes, or high 
umidity, its core 
rovides a strong 
ase for winding. 


FIVE WATTAGE 
SIZES 
engths range 
om 14 inch to 
inches, corre- 
yonding to rat- 
igs of 30 to 75 

atts. 


INTEGRAL MOUNT- 
ING BRACKETS 


Distribute heat 
more evenly 
throughout resis- 
tor and conduct 
heat away quickly. 


STACKING BRACKET 
“> ADJUSTABLE TYPE 


...PACK HIGHER WATTAGE 
INTO LESS SPACE 


Because of their compact design, Ohmite Thin Type Resistors 
have a higher wattage rating per unit of space. They provide 

all the time-proven superiority of conventional Ohmite 
vitreous-enamel resistors—giving you a compact unit you can 
depend upon. Available in four types—all only 4 inch thick by 
1 inch wide—in five lengths and a wide range of resistance values. 


Send for Bulletin No. 138 


OHMITE MANUFACTURING CO. 
C)) 4803 W. Flournoy St., Chicago 44, Ill. 


& Se Reght utth 


Wew Standard of Performance for 
_Cathode-ray Oscillographs 


HIGH-GAIN AMPLIFIERS 
X- AND Y-AXES 


Sensitivity: X-Axis, 50 millivolts rms per inch 
(AC and DC). Y-Axis, 10 millivolts rms per 
inch (AC and DC). 


Frequency Response: DC amp. X and Y 
‘Axes, 0-100,000 cps within 10%; 0-300,000 
cps within 50%. AC amp. X and Y Axes, 
20-100,000 cps within 10%; 20-300,000 cps 
pwithin 50%. 

No pattern “bop” even with sudden changes 
lin signal level. Excellent stability and mini- 
;mum microphonics and drift. Provision for 
[ppPlying signals directly to deflection plates. 


STABILIZED SYNCHRONIZATION 


Sync limiting provided on recurrent sweep, 
so that sweep length and synchronization 


are maintained as signal level varies. 


EXPANSION OF DETAILS 
Due to available deflection of over 4 times 


full-screen diameter on both X and Y Axes, 
tperformance equivalent to that of a 20-inch 


© ALLEN B. DU MONT LABORATORIES, INC. 
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NEV 


cathode-ray tube is possible, with 
the high resolution of a S-inch 
screen, Full positioning is avail- 
able over this entire expanded 
range on both axes. 


RECURRENT AND DRIVEN SWEEPS 


Variable from 2 to 30,000 cps. Sweep speeds 
faster than 0.75 inch/psec. with fully ex- 
panded time base. Provision incorporated for 
sweeps of 10 seconds and slower through 
the connection of external capacitors at front- 
panel terminals. Sync amplifier with sync- 
polarity selection is provided. 


INTENSITY MODULATION 


Z-Axis input terminal on front panel is ca- 
pacitively coupled to grid of cathode-ray 
tube. 15 volts peak will blank trace fully at 
normal intensity. 


INCREASED ACCELERATING 


POTENTIAL 


Du Mont Type 5CP-A Cathode-Ray Tube in 
the Type 304-H is operated at overall accel- 
erating. potential of 3000 volts, facilitating 
use of long-persistence screens, to take full 
advantage of low-frequency recurrent 
sweeps, fast-driven sweeps, and DC ampli- 
fiers. Type 304, a lower-price version, is also 
available, operating at an overall accelerat- 
ing potenfial of 1780 volts. 


‘of such accessories as.Du Mont Types 271-A. 


VER. HAVE THE 
BEEN COMBINED IN ONE 


(eer 


AND OFFERED AT SUCH LOW COST! 


ADDITIONAL FEATURES 
An engraved, permanently-mounted “cali 
brated scale greatly facilitates quantitative, 
measurements. Mu-Metal magnetic shield af-: 
fords maximum protection of cathode-ra 


tube from effects of external magnetic fields 
Du Mont Type 2501 Bezel permits attachment: 


or 314-A Oscillograph-Record Cameras. : 


MECHANICAL DETAILS 


a 
Height, 1312”; Width, 856”; Depth, 197) 
Weight, 50 lbs. Housed in metal cabinet with: 
gray wrinkle finish. Panel reverse etched—_ 
white on gray. i 


TRIED AND PROVED 


This oscillograph has undergone a most rigid. 
field test both in our own laboratories and’ 
again in selected laboratories and institu-’ 
tions throughout the country. In a great va-| 
riety of applications, every feature has been} 
given a thorough workout. The Type 304-H, 
is not a new instrument of unknown quality, } 
but definitely an oscillograph of TRIED AND) 
PROVED EXCELLENCE. 


i 


Type 304-H, $307.50. Type 304, $285.00. j 


b Full details of performance and applications are contained in a 12-page bulletin obtainable by writing to... 


LABORATORIES, 


N E W 


J ER S° EY 
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@ AIEE 
STANDARDS 


Standards on electric machinery and 
apparatus chiefly devoted to defining 
terms, conditions, and limits which 
characterize behavior, with special ref- 
erence to acceptance tests. 


A discount of 50 per cent, on single copies is allowed to Institute members except as noted. 
Such discount is not applicable on extra copies unless ordered for other members. 


General Principles Upon Which Tempera- 
ture Limits are Based in the Rating of 
Electric Machines and Apparatus 
(June 1947) 

Report on Guiding Principles for Specifica- 
tion of Service Conditions (May 1944). . 

Guiding Principles for Selection of Refer- 
ence Values for Electrical Standards 
(Oct. 1943) 

Measurement of Test Voltage in Dielectric 
Tests (Nov. 1942) (ASA C68.1) 

Rotating Electric Machinery on Railway 
Locomotives & Rail Cars & Trolley, Gaso- 
line-Electric & Oil-Electric Coaches 
(Jan. 1943) (ASA C35.1) 

Industrial Control Apparatus (Dec. 1943) 
(ASA C19.1) 

Electric Railway Control Apparatus (Dec. 
1931) (ASA C48) 


Air Circuit Breakers (May 1930) 


Low-Voltage Air Circuit Breakers (Dec. 
1946) 


(Published for trial use as a proposed revision of 
No. 20 No charge for copies) 


pias Bushings (July 1943) (ASA 
) 


Fuses Above 600 Volts (Mar. 1945) 

Switchgear Assemblies (Aug. 1942) 

Wet Tests (July 1943) (ASA C77.1)....... 

Wires and Cables (Definitions and General 
Standards) (Dec. 1944) (ASA C8.1) 

Capacitance Potential Devices and Out- 
door Coupling Capacitors (Jan. 1944).. 

Neutral. Grounding Devices (May 1947) 

Storage Batteries (Feb. 1928) (ASA C40).. 

Electric Recording Instruments (July 1947) 

Recommended Practice for Electric In- 
stallations on Shipboard (Dec. 1948).... 

Hard Drawn Aluminum Conductors (May 
1927) (ASA C11) 

Expulsion Type Distribution Lightning Ar- 
resters (Dec. 1945) 

Potheads (Jan. 1948) 

Roof, Floor, and Wall Bushings (Jan. 1948) 

Test Code for Direct-Current Machines 


Test Code for Synchronous Machines 
(June 1945) 

Test Code for Apparatus Noise Measure- 
ment (Mar. 1939) 

Master Test Code for Resistance Measure- 
ment (May 1949) 

Recommended Specification for Speed 
Governing of Prime Movers Intended 
to Drive Electric Generators (May 1949) 

Preferred Standards and Standard Speci- 
fication Data for Large 3600-rpm, 3- 
Phase, 60-Cycle Condensing Steam 
Turbine Generators (May 1949) 

Aircraft D-C Apparatus Voltage Ratings 
(July 1947) 


$ 0.80 
40 


60 
80 


60 
40 


*C8.5 
*C8.6 
*C8.7 


*C8.12 


*C8.16 
*C8.18 


*C8.19 


*C8.20 


*C29.1 
*C34.1 


*C37.1 
C37e2 


*C37.4 
C315 


*C37-6 
eCSTaL 


C376 
*CSHO 


ACS). 
*C42 
*C50 
*CS7 
*Z10.5 
*732.3 
*Z32.5 
FZ3219) 


Specifications for Cotton Covered Round 
Copper Magnet Wire (April 1936) 

Specifications for Silk Covered Round 
Copper Magnet Wire (April 1936) 

Specifications for Enameled Round Cop- 
per Magnet Wire (April 1936) 

Specifications for Cotton Braid for Insu- 
lated Wire and Cable for General Pur- 
poses (Feb. 1942) 

Specifications for Rubber-Insulated Tree 
Wire (May 1940) 

Specifications for Weather-Resistant 
(Weatherproof) Wire and Cable (URC 
Type) (Jan. 1948) 

Specifications for Weather-Resistant Satu- 
rants & Finishes for Aerial Rubber-Insu- 
lated Wire & Cables (Nov. 1939) 

Specifications for Heavy-Walled Enameled 
Round Copper Magnet Wire (Nov. 1939) 


Insulator Tests (Sept. 1944) (AIEE 41) 
Pool Cathode Mercury-Arc Power Con- 
verters (Jan. 1949) 


Relays Associated with Power Switchgear 
(Oct. 1937) 


Automatic Station Control, Supervisory & 
Telemetering Equipment (Dec. 1945)... 


Alternating-Current Power Circuit Break- 
ers (May 1945) 

Methods for Determining the Rms Value of 
a Sinusoidal Current Wave and a Nor- 
mal Frequency Recovery Voltage (1945) 

A Schedule of Preferred Ratings for Power 
Circuit Breakers (Jan. 1949) 

Operating Duty (Duty Cycle) for Stand- 
ard and Reclosing Service (May 1945) 

Rated Control Voltages (May 1945) 

Test Code for Power Circuit Breakers 
(May 1945) 


No discounts apply on price of this publication 
Electric Indicating Instruments (Mar. 1949) 
Definitions of Electrical Terms (Aug. 1941) 


(No discounts apply on price of this publication) 
($1.25 outside postal USA) 


Rotating Electric Machinery (Mar. 1943)... 

(No discounts apply on price of this publication) 

Transformers, Regulators and Reactors 
(May 1948) 

Letter Symbols for Electrical Quantities 
(June 1949) 

Graphical Symbols for Electric Power and 
Control (Mar. 1946) 

Graphical Symbcls for Telephone, Tele- 
graph and Radio Use (Oct. 1944) 

Graphical Electrical Symbols for Architec- 
tural Plans (Feb. 1943) 


*Z32.10 Graphical Symbols for Electron Devices 


(Sept. 1948) 


*Z32.12 Basic Graphical Symbols for Electric Ap- 


paratus (Feb. 1947) 


*Z32.13 Abbreviations for Use on Drawings (Dec. 
1946) 


(Member). $23.80 


* Approved as American Standard 


American Institute of Electrical Engineers 


33 West 39th Street, New York 18, N. Y. 
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you can BE SURE... tf irs 


Westinghouse 


The Broadest Exchange Plan! 


Since February, 1949, Life-Line motors have 
offered you the broadest exchange plan in in- 
dustry. All 1 to 20-hp, single-phase and three- 
phase a-c motors in frame 203 to 326 are in- 
cluded. No other manufacturer of motors—large 
or small—provides exchange service that com- 
pares in scope to this new Life-Line Motor 
Exchange Service. 


120 Westinghouse exchange points assure you 
rush motor replacement service anywhere in the 
United States. Replacement motors, covered by 
this plan, are in stock, ready to be speeded to 
you at any time. 


And what’s more, if a motor fails during 
warranty period, it may be exchanged free fora 
motor of identical rating. The exchange price, 
beyond warranty, zs not dependent on the time in 
Service... one year, five years or ten years. 


This service is one more advantage you get 
with Life-Line motors. Add this to all-steel con- 
struction . .. pre-lubricated bearings ... an 
indicated savings of $750 per year per 100 
motors ... and you'll see why Life-Line has 
gained leading acceptance in the motor industry. 


Complete details on the Life-Line Exchange 
Service—lists of exchange points and motor 
ratings covered—are given in the new booklet 
SM-5243. Get your copy today from your nearby 
Westinghouse representative or write direct to 
Westinghouse Electric Corporation, P. O. Box 
868, Pittsburgh 30, Penna. J-21533 
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¥ Plastic Film Dielectric Capacitors 


We manufacture capacitors to specifications for 
many unusual applications. A few examples are: 


Ce 


High voltage filter capacitors for compact X-Ray equipment 

Ultra high resistance capacitors for radiation counters 

High Voltage—High Q carrier current coupling capacitors 

RF power capacitors for transmitters, dielectric and induction heaters 
Energy storage capacitors for Sonar, welding and photoflash 

Low capacitance drift capacitors for filters 

Laboratory grade capacitors for computers, integrators and bridge standards 
Pulse forming networks for radar 

High voltage AC capacitors for power factor improvement 


In addition to our capacitors, we manufacture a standard line and build special 
high voltage, low current power supplies. 


| 
STANDARD A complete line of standard capacitors for industrial and electronic 
PLASTICON* applications is available. Our engineers will be pleased to discuss 
CAPACITORS your problems. 


Write for a copy of our latest catalog 


Condenser Products Company 


1375 NORTH BRANCH STREET + CHICAGO 22, ILLINOIS 
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... reducing copper losses 
... increasing current capacity 
... prolonging insulation life 


OU REDUCE copper losses ...increase current 
’ carrying capacity...and prolong insulation life, 
when you run your cables in Transite* Ducts. 


Current carrying capacities can be increased in a 
typical duct bank as much as 5%, or 1?R losses can be 
reduced 11%, for cables located in Transite as com- 
pared with other ducts used for power circuits. 


And, Transite Ducts assure permanent duct banks 
because Transite is incombustible; is immune to rust 
and rot; is unaffected by electrolysis; will not slag 
under action of an arc, and will retain its high origi- 


3 : 4 one nal strength. 
How Transite Ducts increase current carrying capacities 


An unusually smooth bore assures no injury to cable 
Type cable 3 cdr. 500 MCM Compack Sector, 15 KV 


(6th Edition AEIC Spec.) sheath, either in natural movement under load, or 
No, of cables—3 (all loaded in one bank) : : : : 
Daily Load Factor—75% when pulling-in cables. Long, lightweight lengths can 
Bar malometceblent--20< be quickly and economically installed. In addition, a 


Transite Other full line of fittings simplifies even the most compli- 
Total Therm. Res. to Dielectric Loss (C watts/ft.) 5.66 : tot tia 
Total Therm. Res. to Copper Loss (C watts/ft.) 4A4 i cated Of installations. 


Temp. Rise from Dielectric loss (C) i) Y . ° ° 
Bawabla Reo! fF Copper loss (C) 591 ‘ For full information on Transite Ducts, tra 


pueverib Mame penfixcdble ae write for Data Book DS-410. Johns-Manville, J 


Allowable Current—(Amps. per cdr.) 386. | 
Allowable Current—(Relative %) 105.6 , Box 290, New York 16, INGYe opuct 


*Reg. U. S, Pat. Off. 


@ 


e 
es M | } TRANSITE CONDUIT— 
Joh ns a nvi e€ TRANSITE KORDUCT— for exposed work and 
for installation in installation underground withouf 
concrete a concrete encasement 
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FAIRFIELD 
PAPER AND CONTAINER CO. chooses a 


METAL-CLAD 


for 


To 450 Kyo tren 
ond switchgear 


trons. 


AL-2-50 7) : 
1600 amp, 


480 volt 


a 
< 


Opec. 


id 
cy 


Filler. 
hydrapulper 
Future 


€= 
3s 
35 
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General Electric 5-kv Type MI-6 metal-clad switchgear consisting of one incoming- 
line breaker and four feeder breakers to handle 4160 volts at Fairfield Paper and 
Container Co. Magne-blast air circuit breakers are rated 1200 amperes, 100,000 
kva interrupting rating. Note neat appearance of metal-clad unit. It’s space saving 
too, and the metal-clad construction offers operating safety to personnel. Units 
like this are easily installed and can be added to with a minimum of bother and 
expense. Instruments and relays are co-ordinated for positive protection of circuits. 


G-E Cabinetrol units provide centralized con- 
trol for the liner stock system. Unit controls 
motors, valves, agitators, etc. Ammeters record 
load carried by hydrapulper and hydrofiner. 
Four other Cabinetrol units are used through- 
out the mill. 

The Fairfield installation is a complete General 
Electric project—one source of responsibility 
plus the very -best in co-ordinated planning, 
engineering, manufacturing, and servicing 
facilities to give maximum savings and efficiency 
to the customer. 


Two G-E low-voltage metal-enclosed switch- 
gear equipments take the 480-volt power from 
the 1000-kva transformers and distribute it 
to motors, lighting transformers, and five 
Cabinetrol units. The Type AL-2 transformer 
secondary breakers and tie breakers are 
rated 1600 amperes, 50,000 amperes inter- 
rupting rating. Type AK-1 drawout air circuit 
breakers of 25,000 ampere interrupting rating 
are used to feed motors and Cabinetrol. 
Breakers for future circuits can be installed 
in spare compartments. G-E air circuit breakers 
have adequate “IC” (Interrupting Capacity) 
for short circuit protection, are easily removed 
for inspection. 
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secondary-selective system using 


SWITCHGEAR 


continuity of service 


At the new Fairfield Paper and Container Co. installation General 


Electric metal-clad switchgear receives the incoming 4160-volt power 
and distributes it to 4-1000 kva transformers for step-down to 480 
volts. G-E metal-enclosed switchgear handles the 480-volt power 
through air circuit breakers of the drawout type. In general, all motors 
rated 60 hp and above are served by an individual breaker. Five 
Cabinetrol units are fed by air circuit breakers. Note that costly second- 
ary feeders are short. 

This secondary-selective system is only slightly higher in cost than 
a simple radial system, and provides Fairfield insurance against a 
complete shutdown in case of failure of any one transformer or its 
primary feeder cable. If trouble occurs the normally-open tie breaker 
is closed, thus providing an alternate source of power which permits 
the mill to operate at slightly reduced capacity. 


Be sure to see the ‘‘More Power to America’? full-color 
sound slidefilm ‘‘Modern Industrial Power Distribu- 
tion.’’ Ask your G-E sales representative to arrange a 
showing for your organization. 


i 


DECEMBER 1949 


here’s why... 


‘When we planned our new facilities it was de- 
cided that a secondary-selective power distribu- 
tion system would assure us of the continuous 
power, even in case of a major fault, needed for 
continuous-process operations like ours. We 
ordered G-E switchgear because their ‘‘metal- 
clad’’ protection safeguarded our employees, and 
because we could get all engineering, equipment 
and service from one organization. By dealing 
with one company we saved considerable time and 
money. The units arrived complete and we in- 
stalled them in very little time.’’ 


H. L. CUSTER, VICE PRESIDENT AND GENERAL MAN- 
AGER, THE FAIRFIELD PAPER AND CONTAINER CO., 
BALTIMORE, OHIO 


MODERN INDUSTRIAL power distribution sys- 
tems using G-E switchgear are applicable to any 
industrial plant or commercial building where 
you want proper voltage for top performance of 
equipment, an extremely flexible setup to take 
care of expanding or changing loads, adequate 
short circuit protection, safety to personnel, and 
low installation and maintenance costs. A com- 
plete system, using G-E switchgear, costs you 
less than a ‘‘piece-meal,’’ makeshift affair. 


INVESTIGATE TODAY the many advantages of 
using General Electric switchgear in your plant 
for efficient, flexible power distribution. Contact 
your G-E sales representative for further infor- 
mation—or write for the helpful bulletins listed 
below. Apparatus Department, General Electric Co., 
Schenectady 5, New York. 


GEA-3083 | Metal-clad Switchgear 

GEA-4966 |} Low-voltage Metal-enclosed Switchgear 
GEA-3592 | Load-center Unit Substations 

GEA-3758 || Load-center Power Distribution 

GEA-4057 ] Interlocked-armor Cable for Primary Circuits 
GEA-4352 |] Flamenol Cable for Secondary Circuits 


GENERAL @@ ELECTRIC 
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Professional Engineering Directory 


Professional Engineering Directory Card 1” x 2” 6 times $60.00 12 times $90.00 


BLACK & VEATCH 


Consulting Engineers 
Electricity—W ater—Sewage—Industry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


De LEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 


Industrial Plants—-Grade Separations 
Railroads — Subways — Expressways 
Tunnels — Power Plants —= Municipal Works 


150 N. Wacker Drive, CHICAGO 6, ILL. 


79 McAllister St., SAN FRANCISCO 2, CALIF. 


PATENTS TRADEMARKS 
NOVELTY SEARCHES COPYRIGHTS 
PETER FRIES, JR., E.E. 


Registered Patent Attorney 


110 East 42nd Street 
New York 17, N. Y. 


Telephone: MUrray Hill 6-4476 


STANLEY B. HARE 


Consulting Engineer 


Electrical Design 
Commercial and Special Motors 


3479 Union Pacific Avenue 
LOS ANGELES, 23, CALIF. 


JACKSON & MORELAND 
ENGINEERS & CONSULTANTS 


Design and Supervision of Construction 
Reports—Examinations—Appraisals 
Machine Design—Technical Publications 


BOSTON NEW YORK 


FRANK LEDERMANN, E.E. 


Registered Patent Attorney 
154 Nassau Street, New York 7, N. Y. 


Telephone: BEekman 3-2936 


Roland R. Miner 
Member AIEE 


MINER & MINER 
Consulting Engineers 
Design-Development-Investigations 
aluations 


Experience in the utility, industrial and 
appliance manufacturing fiel 


1825 Tenth Avenue Greeley, Colorado 


Lottye E. Miner 
Associate AIEE 


CONSULT 
Z. H. POLACHEK 


Reg. Patent Attorney 


1234 BROADWAY 
(At 3lst St.) 


New York 1, N. Y. 


SANDERSON & PORTER 


ENGINEERS 
AND 


CONSTRUCTORS 


NEW YORK CHICAGO 
SAN FRANCISCO LOS ANGELES 


SARGENT & LUNDY 


ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 


WESTCOTT & MAPES 


Incorporated 


ARCHITECTS ENGINEERS 


Valuations — Studies — Reports — Design 
Supervision 


Utilities — Industrial Plants 
Institutions — Schools — Public Works 


NEW HAVEN CONNECTICUT 


THE J. G. WHITE 
Engineering Corporation 
Design—Construction—Reports— 
Appraisals 


80 BROAD STREET NEW YORK 
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The City of Glendale, 


California 


invites applications for 


GENERAL MANAGER 
AND CHIEF ENGINEER 


OF MUNICIPAL WATER, 
POWER, AND LIGHT 
DEPARTMENT 


Salary: $12,600 a year 


Immediate and perma- 
nent appointment to 
person showing best 

qualifications 
Direct inquiries and biographi- 
cal data to: 


City Manager’s Office 
Attention: T. L. Sharp 
613 East Broadway 
Glendale, California 


All communications will be held 

strictly confidential. Submit 

applications before January 15, 
1950 


BACK 


COPIES 
WANTED 


Copies of the November 1948 
issues of ELECTRICAL EN- 
GINEERING. 
(parcel post) to American In- 


Please mail 


stitute of Electrical Engineers, 
33 W. 39th St., New York 18, 
N. Y., printing your name and 
address upon the mailing 
wrapper. Twenty-five cents, 
plus postage, will be paid for 


each copy returned. 
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CLASSIFIED ADVERTISING 


For help and situations wanted, $0.60 per line 
for AIEE members, others $1.00. Sale and 
purchase of used machinery, etc., $1.50 per 
line, minimum 5 lines, maximum 30 lines, not 
available to dealers. Address orders to: Classi- 
fied Section. ELECTRICAL ENGINEERING, 
$800 Fifth Avenue, New York 18, N. Y. 


Positions Wanted 


MSE in communications, University of Michigan 1948, 
desires position in west or midwest. Experience in 
Shae and lighting and electric motors. Address: 

x 849, ELECTRICAL ENGINEERING, 500 Fifth 
Avenue, New York 18, N. Y. 


CONSTRUCTION MANAGER, PROJECT ENGI- 
NEER, Assoc. M. A.I.E.E. and A.S.C.E., age 43, 
married, graduate engineer with administrative ability 
and top-level experience in layout, design, estimating 
and construction of commercial and industrial buildings, 
including machinery installations, registered professional 
engineer in Calif., available now for domestic or foreign 
assignment. Address: Box 850, ELECTRICAL 
Pea rae act 500 Fifth Avenue, New York 18, 


ELECTRICAL ENGINEER—B.S.E.E. University of 
Wisconsin, August 1949, age 21, single, desires training 
position in either communications or power, willi 

to travel and relocate. 5 yrs (military and earinendial) 
technical theatrical experience. Member Tau Beta Pi, 
Eta Pon a Nu. Address: Box 851, ELECTRICAL 
ENGINEERING, 500 Fifth Avenue, New York 18, N. Y. 


ELECTRICAL ENGINEER—B.S.E.E., June 1949, 
University of Pittsburgh. Power and electronics major. 
Desires design and development in either field. Radio 
operator in Army, also licensed amateur. Age 24. 
Single. East or midwest preferred. Address: Box 
852, ELECTRICAL ENGINEERING, 500 Fifth 
Avenue, New York 18, N. Y. 


ATTENTION Southern Colleges and Universities— 
Electrical engineer desires position of instructor in south 
or southeastern section of country. B.E.E. June ’49 
Cornell, power option, 6 months experience as cadet 
engineer. Single, 23, could start after the first of year. 
Address: Box 853, ELECTRICAL ENGINEERING, 
500 Fifth Avenue, New York 18, N. Y. 


ELECTRICAL ENGINEER, 33, B.S.E.E. U. of Wis., 
1938. 10 years design, maintenance supervision and 
application of automatic, electronic and electrical 
controls for light and heavy industrial machinery and all 
types of resistance welders, production methods, super- 
vision, and jigs and fixtures in automotive industry. 
Desire position as plant, development, or appplication 
and sales engineer in midwest. ddress: Box 854, 
ELECTRICAL ENGINEERING, 500 Fifth Avenue, 
New York 18, N. Y. 


ELECTRICAL ENGINEERING, B.E.E., age 22, 
11/2 yr. experience in the design of lighting installations 
and lighting power distribution systems. Desire per- 
manent position in lighting or power field. Location 
immaterial. Address: Box 855, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 18, N. Y. 


COMMUNICATION ENGINEER AVAILABLE for 
ag Freer employment with an established concern 
located southwestern or western section, Can survey, 
install and supervise maintenance on two-way FM and 
electronic controls. Other information on inquiry. 
Address: Box 856, ELECTRICAL ENGINEERING, 
500 Fifth Avenue, New York 18, N. Y. 


Positions Open 
ELECTRONICS ENGINEER—Well known, 40 year- 


old manufacturer of electrical and electronic instru- 
ments wants research engineer experienced in design of 
radio electronic apparatus at high radio frequencies, for 
the development of military and civilian test equipment. 
Address: Box 697, ELECTRICAL ENGINEERING, 
500 Fifth Avenue, New York 18, N. Y. 


PROFESSOR OF COMMUNICATIONS ENGI- 
NEERING needed for Fall 1949 by Southeastern Uni- 
versity. Willbe in charge of graduate work and research 
activities. $6000 for nine months with extra income for 
summer teaching. Must have Ph.D. or D.Sc. degree. 
Address; Box 735, ELECTRICAL ENGINEERING, 
500 Fifth Avenue, New York 18, N. Y. 


ENGINEERS: For professorships all engr. fields, 
Master’s and Doctor’s qualify unusually fine positions, 
$4500-7000 nine months. Instructors, bachelors. 
Give phone, photo, qualifications. Cline Teachers’ 
Agency, East Lansing, Mich. 


WANTED—TRANSFORMER ENGINEERING—A 
book by Blume, Camilli, etc., published by Wiley— 
state price and condition in letter to H. M. Forbes, 
M.1.T. Instrumentation Lab., Cambridge 39, Mass. 


ELECTRICAL ENGINEER to design small A.C, 
and D.C, motors. Must have five or more years of 
experience. State salary expected. Apply. General 
Industries Co., Elyrie, Ohio, Engineering Department. 
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Engineering 
Societies 


New York 


Chicago 
8 West 40th St. s 


84 East Randolph St. 


In applying for positions advertised by the Service, the 
applicant agrees, if actually placed in a position through 
the Service as a result of these advertisements, to pay a 
placement fee in accordance with the rates as listed by the 
Service. These rates have been established in order to 
maintain an efficient, non-profit personnel service and are 
available upon request. This also applies to registrants 
whose notices are placed in these columns. 


Men Available 


JR ELEC ENGR, June 1949 grad; 23, single; 3/2 yrs 
pwr exper; tested, repaired, installed AC and DC 
motors, generators, assoc control eqpt; some electronics. 
Location immaterial. E-494, 


SALES EXEC, E.E.; age 41. Outstanding accom- 
plishments here and abroad on telephone, telegraph, 
radio eqpt; 20 yrs successful serv covering all phases 
salesmgmt. Any location acceptable. E-495. 


PROD PLANNING ENGR, B.S. in E.E., 1931; age 
40; desires to make perm connection with medium 
sized elec or radio mfg co; 14 yrs exper. Presently 
employed as engg supervisor. E-496. 


ELEC ENGR, B.S.E.E., G.E. Test Grad; 31, married; 
exper devpmt, des, and small-lot prod of instruments 
and process controls. Desires pos as project engr, 
instrument research or devpmt. E-497. 


ELEC ENGR, B.S.E.E., 1949 pwr major; age 23; 
desires work in elec pwr or allied fields, pub util, U. S. 
or S. A.; fluent Spanish. E-498. 


ELEC ENGR, B.E.E., Aug. 1949; 25, single; 2 yrs 
civilian and military motor generator test and repair 
exper; desires devpmt or test pos in machy or pwr 
anywhere in U.S. E-499. 


ELEC ENGR, B.S.E.E.; 25, single; 12 mos pub util 
distr engg; 12 months telephone spec writing. In- 
dustrious, dependable. Will travel; go anywhere. 
E-500-46-Chicago. 


Positions Available 


DEVELOPMENT AND RESEARCH ENGINEERS, 
graduates, with advanced degrees desirable, experienced 
in electronic magnetic recording and computer work. 
Special knowledge in mathematics desirable. Salary, 
$6500 a year, and up. Location, south Connecticut. 
Y-2532. 


PROJECT ENGINEER, 28-35, electrical graduate, 
with four to ten years’ design, development experience 
and some product engineering and industrial electronic 
experience in automatic control devices in large com- 
pany, to initiate new product designs, supervise pilot 
manufacture, evaluate worth of devices. Salary open. 
Location, New York Metropolitan Area. Y-2569. 


ENGINEERS. (a) Electrical Engineer, 30-40, pref- 
erably with Ph.D. degree in electronics with experience 
in communications for research work on digital-type 
electronic computers. Salary, $7500 a year. (b) 
Electrical Engineer, 30-40, with M.S. degree, for work as 
above. Salary, to $6000 a year. (c) Junior Electronic 
Engineer, 28-35, with two years’ experience, as above. 
Salary, to $4500 a year. Location, Connecticut. Y- 
2681. 


ELECTRONIC ENGINEER with at least five years” 
development and production experience, including 
circuit design, to direct research group in field of 
ceramics and metallized materials for electronic com- 
ponents. Will also contact customers. Salary open. 
Location, Pennsylvania. Y-2714. 


ELECTRICAL ENGINEER with experience covering 
dry disc rectifiers, to design selenium and copper oxide 
rectifiers. Salary open. Location, New England. Y- 
2740. 


INSTRUCTOR OR ASSISTANT PROFESSOR, 
electrical graduate, preferably with Master’s degree and 
experience, to teach communications or power. Courses 
can be arranged in accordance with applicants’ training 
and experience. Salary, $3600—$4200 a year. Loca- 
tion, eastern Pennsylvania. Y-2764. 


NOTE: Closing date for material to be set 
in the classified advertising column, as 


well as cancellations for running ads, 
must be received not later than the first 
of the month preceding issue; i.e., 
August first for September issue. 
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Personnel Service, Inc. 


Detroit 
100 Farnsworth Ave. 


San Francisco 
57 Post St. 


Apply by letter addressed to the key number and 
mail to New York Office. When making application 
fora position include six cents in stamps for forwarding 
application to the employer and for returning when 
necessary. A weekly bulletin of engineering positions 
open is available to members of the co-operating societies 
at a subscription rate of $3.50 per quarter or $12 per 
annum, payable in advance. 


MANAGER for a group of utility properties in the 
electric, gas, telephone and water fields. Must have 
experience in all phases of utility management, and 
ability to plan future expansion of gas, electric and tele- 
phere business, and economics in present operations. 
alary, $6500-$8000 a year, to start. Location, South- 
west. Y-2781CS. 
CHIEF WAREHOUSEMAN, preferably college grad- 
uate, experienced and capable of handling, operating, 
maintaining, ordering, warehouse, mine, mill, electrical 
general supplies, materials, equipment and accounting 
thereof. Single, or if married, single status for six 
months. Standard three-year contract; base salary, 
$5100 a year, plus one month’s salary as bonus each 
year. Fluent working knowledge of Spanish essential. 
Transportation furnished to Bolivia, by air, for employee 
and wife; four weeks vacation yearly, plus free living 
quarters. Y-2851. 


ASSISTANT PROFESSOR with at least a Master’s 
degree in physics and three or more years’ of responsible 
teaching experience in that field. Must have ability 
to supervise staff of three instructors and to take re- 
sponsibility for the operation and development of 
Physics Department. Position available January 1, 
1950. Salary, $3800 for nine months. Location, 
Michigan. Y-2859-D-5254. 


ELECTRICAL EQUIPMENT BUYER, 35-45, elec- 
trical graduate, with test training, specifications, appli- 
cation and considerable purchasing experience, to 
prepare and send out inquiries covering motors, genera- 


tors, switchgear, meters, capacitors, etc. Salary, 
$5000-$7000 a year. Location, Massachusetts. Y- 
2876(a). 


ELECTRICAL OR ELECTRONIC ENGINEER, 30- 
35, graduate, with at least five years’ design and de- 
velopment experience on electrical and electro-mechani- 
cal instruments and control systems, to design and 
develop electrical indicating instruments in the aero- 
nautical and industrial fields. Salary, $4500-$5000 a 
year. Location, northern New Jersey. Y-2896(a). 


COMMERCIAL ENGINEER, 30-35, electrical 
graduate, or mechanical graduate with equivalent 
electrical knowledge from training and experience, with 
field sales service experience, including installation and 
service of products, repairs, engineering changes, etc. 
After two or three months sales training, will be re- 
sponsible for technical sales correspondence, estimating 
for pricing and for quotations to customers, preparing 
sales data for use by sales, advertising or service depart- 
ee etc. Salary open. Location, Connecticut. 
-2919. 


ASSISTANT TO SALES MANAGER, 35-40, graduate 
electrical engineer, or mechanical engineer with equiva- 
lent electrical knowledge from training and experience. 
Experience in the sale and service of electrical machinery, 
equipment or instruments. Must have sales manage- 
ment experience, including administration of a technical 
sales office, sales engineering experience, selling industrial 
electrical and mechanical equipment, field service 
experience, preferably as a service engineer. Will assist 
the sales manager in the administration of the general 
sales and district sales offices, including sales corre- 
spondence, cost estimating, preparing technical and 
sales data for miscellaneous sales and advertising use. 
Must be free and willing to travel. Salaryopen. Loca- 
tion, Connecticut. Y-2920(b). 


ELECTRONIC ENGINEER with at least five years’ 
photo-electric cell, miniature type experience for design, 
development and application in industrial control field. 
Salary, $6500-$7500 a year. Y-2929(a). 


POWER AND STEAM MAINTENANCE ENGI- 
NEER, 32-40, graduate, electrical and/or steam engi- 
neering major, with ten years’ experience in main- 
tenance of power plant equipment, such as boilers, 
turbines and auxiliaries, steam and electric distribution 
systems, to take complete charge of maintenance and 
construction in connection with a 30,000 KW electric 
system and a 650,000 lbs. per hour steam system. Will 
supervise work of about 30 men, including millwrights, 
electricians, pipers, welders, etc. Salary open. Loca- 
tion, New Hampshire. Y-2967. 


ELECTRICAL ENGINEER with at least two years’ 
experience in testing DC motors and generators to be 
service engineer supervising brush tests on diesel electrics 
on railroads. Must be free to travel extensively. 
Salary, $4000-$5000 a year. Location, New York 
Metropclitan Area. Y-2969. 
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MORGANITE 


CARBON PILES 


—for smooth 
voltage control 


This simple method of voltage 

control has proven reliable in countiess 
miles of transportation through the air 

and on the ground. Let Morganite engineers 
demonstrate its advantages to you. Your 
inquiry will receive prompt attention 

and there will be no obligation 

on your part. 


y INCORPORATED 


LONG ISLAND CITY 1, NEW YORK 


"REGISTERED 


_ TRADE MARK 


Manufacturers of Morganite Carbon Brushes and Self-Lubricating 
Carbon Specialties including Seals, Rings, Valves, Bearings, efr 
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DECEMBER 1949 


you can BE SURE... te irs 


Instruments ‘“Check-Rein’ 240,000 Horsepower! 


When the power load builds up and up, it’s 
Westinghouse Instruments that give the tip-off! 
Another generator is called into action—steady 
voltage flows over the network... 

This is a familiar routine at the new B. C. 
Cobb Station, owned by Consumers Power 
Company. This modern steam electric generat- 
ing plant, located on the shores of Lake Muske- 
gon, Michigan, has a rated capacity of 180,000 
kw, or 240,000 horsepower. Westinghouse In- 
struments have been standardized on here— 
keep a vigilant watch over power that is gen- 
erated at 14,400 volts, then transformed to 
22,000, 44,000 and 140,000 volts. 

Serving as the “eyes” for this massive power 
system calls for instrument reliability to the nth 
degree. We believe Westinghouse Instruments 
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meet this challenge. You can be sure of the com- 
plete line of Westinghouse Instruments—from 
calling the turn on a microamp. to keeping 
a “check-rein” on all the concentrated horse- 
power America’s genius can devise. 
Westinghouse Instrument Specialists are 
available in the field for consultation. Call your 
nearest Westinghouse office, or write 
Westinghouse Electric Corporation, P. O. Box 
868, Pittsburgh 30, Pennsylvania. J-40379 


Westinghouse 


Cole Electric Co. 


8439 Steller Drive Culver City, Calif. 


TExas 0-4701 


AIR BREAK DISCONNECTING SWITCH 
230,000 Volts—1 200Amperes—Type MO-2 
Vertical Break—Three Pole, Single Throw 
Group Operated 
(One pole shown) 


64A 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


DECEMBER 1949 


Look closely into 


all the advantages of 
Variac VOLTAGE CONTROLS 


EXCELLENT REGULATION — less than 34% at line voltage and less than 3% of line at 1% line 
voltage. There is very little change in output voltage under varying loads with the Variac* 


TOROIDIAL CONSTRUCTION — voltage change is directly proportional to dial rotation over the 
complete output range 


MACHINE-WOUND COILS — insure maximum uniformity in lay and tension of windings (and a 
toroidial winding machine for wire of these sizes is a neat machine to design!) 


ADVANCED BRUSH CONSTRUCTION — coil spring maintains uniform brush pressure under all 
conditions of brush wear; very low inertia of sprung weight in moving part results in less wear 
under vibration, and eliminates bounce; NO TOOLS needed to change brushes 


READILY REMOVABLE SHAFT — for reversing to table or panel mounting — requires no dis- 
assembly of radiators, collars, etc. 

KEYED SHAFTS — on larger models requiring greater torque, insure permanent line-up of shaft 
and radiator; especially important in ganging 

NO PIGTAIL CONNECTIONS 

SAFE TERMINALS — for either screw or solder connections — clearly marked in output voltages 
@ PRESSURE CONTACTS in the Variac do not depend upon mechanical properties of insulating 
materials 

Vartacs are manufactured and sold in standard units or assemblies to control from 170 


to 24,700 va. There is a Vartac to fit almost any a-c voltage-control problem. Our 
engineering department will be glad to assist you in selecting the most suitable model. 


*V ARIAC és a registered trade name 


Write for the new Variac BULLETIN 


GENERAL RADIO COMPANY 


Cambridge 39, Massachusetts 


90 West St., New York6 9205S. Michigan Ave., Chicago5 1000 N. Seward St., Los Angeles 38 


NO tools needed to change the 
VARIAC brush. A twist of the cart- 
ridge-like holder and it and the 
brush come out immediately. 


For changing to behind-the-panel 
or to table mounting the brush, 
radiator, collar, etc. are not dis- 
turbed. Just the shaft, dial and 
knob, as a unit, are removed. 


Moulded barriers between ter- 
minals eliminate possibility of 
short-circuits. Both screw and solder 
terminals provided. Voltages across 
terminals clearly indicated in 
moulded terminal board. 
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ee the economy of thoriated-tungsten filaments 
and improved cooling in high-power tubes 


Here is unparalleled tube value... 


Five new RCA tubes, ranging in power 
input from 1.5- to 150-kw, and success- 
fully utilizing economical thoriated- 
tungsten filaments which offer marked 
savings in filament power and the 
cost of associated power equipment. 


Five tubes with proved features of 
previous similar types. Two—the 5762 
and 5786—have efficient newly de- 
signed radiators that permit the use 
of less expensive blowers. 


Five tubes with improved internal 
constructions that contribute to their 
more efficient operation and longer 
service life. 

These five new RCA tube types are 
“musts” for designers of broadcast, 
communications and industrial elec- 
tronic equipment where design and 
operating economies alike are im- 
portant considerations. 

Forced-air-cooled assemblies and 
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water-jacket assemblies are available 
for most RCA power tubes. 


RCA Application Engineers are 
ready to consult with you on the ap- 
plication of these improved tubes and 
accessories to your specific designs. 
For complete technical information 
covering the types in which you are 
interested, write RCA, Commercial 
Engineering, Section 39LR, Harri- 
son, New Jersey. 


